


�

�

Page | ii 
 

Acknowledgements 
Halff Associates, Inc. gratefully acknowledges the key contributions and support provided 

for the City of Harlingen Drainage Study by the individuals listed below. 

City of Harlingen: 

Christopher Boswell – Mayor  

Gabriel Gonzalez – City Manager 

Craig Cook – Assistant City Manager 

Luis Vargas – City Engineer 

Kimberly Salinas – Assistant City Engineer  

Alma Guerra – Deputy City Engineer 

 

Halff Associates, Inc. Primary Staff Involved on th e Project: 

Anne Whitko  

Josh Logan, PE, CFM 

John Clint, PE 

Andrew Howe EIT, CFM 

Alvaro Garcia 

 

 



� �
�
� �

 

Page | 3 

Halff Associates, Inc. 
1075 Paredes Line Rd., Suite B 

Brownsville, TX 78521 
 

Table of Contents 

Contents 
Acknowledgements ......................................................................................................................... ii�

Table of Contents .............................................................................................................................3�

Exhibits 4�

1.� Executive Summary ...........................................................................................................5�
1.1� Summary/Results ................................................................................................7�

2.� Introduction and Background ............................................................................................8�
2.1� Project Objectives ...............................................................................................8�
2.2� Community and Watershed Description .............................................................8�

2.3� Historical Flooding ...........................................................................................11�
3.� Methodology and Existing Conditions Analysis .............................................................14�

3.1� Data Collection..................................................................................................14�
3.2� Modeling Platform ............................................................................................14�
3.3� Hydrologic Analysis .........................................................................................15�
3.4� Hydraulic Analysis ............................................................................................18�
3.5� Existing Conditions Model Results ...................................................................22�

3.6� Preliminary Environmental Review ..................................................................23�

4.� Alternative Analysis ........................................................................................................24�
5.0� Project Costs ....................................................................................................................29�
6.� Proposed Alternative .......................................................................................................29�
 

Figures 
Figure 1. City of Harlingen Location Map ..................................................................................10 
Figure 2. June 18-22, 2018, Rainfall Map ..................................................................................11 
Figure 3. June 24-25, 2019, Rainfall Map ..................................................................................12 
Figure 4. Flood Photo June 2018, in Harlingen, TX ...................................................................13 
Figure 5. Flood Photo 06/25/2019 at Industrial Boulevard and US-77 .......................................13 
Figure 6. Rainfall Depth-Duration-Frequency (inches) ...............................................................16 
Figure 7. Curve Number Classification Table ............................................................................18 
Figure 8. 1D/2D Model Snapshot ..............................................................................................19 
Figure 9. 1D/2D Model Results Snapshot .................................................................................20 
Figure 10. Curve Number Classification Table ..........................................................................21 
Figure 11. Existing Number of Structures at Risk. .....................................................................22 



� �
�
� �

 

Page | 4 

Halff Associates, Inc. 
1075 Paredes Line Rd., Suite B 

Brownsville, TX 78521 
 

Exhibits  
Exhibit 1.   Project Location Map 
Exhibit 2    Effective FIRM Panel 48061C0255F 
Exhibit 3.   Drainage Area Map 
Exhibit 4.   Soils Map 
Exhibit 5.   Existing Condition Model Network 
Exhibit 6.   Existing 10-year Floodplain 
Exhibit 7.   Existing 50-year Floodplain 
Exhibit 8.   Existing 100-year Floodplain 
Exhibit 9.   Project 1 Proposed Conditions Model Network  
Exhibit 10. Project 1 Proposed 10-year Floodplain 
Exhibit 11. Project 1 Proposed 25-year Floodplain 
Exhibit 12. Project 1 Proposed 100-year Floodplain 
Exhibit 13. Project 2 Proposed Conditions Model Network  
Exhibit 14. Project 2 Proposed 10-year Floodplain 
Exhibit 15. Project 2 Proposed 25-year Floodplain 
Exhibit 16. Project 2 Proposed 100-year Floodplain 
Exhibit 17. Project 3 Proposed Conditions Model Network 
Exhibit 18. Project 3 Proposed 10-year Floodplain 
Exhibit 19. Project 3 Proposed 25-year Floodplain 
Exhibit 20. Project 3 Proposed 100-year Floodplain 
Exhibit 21. Project 1 Water Surface Elevation Reduction 
Exhibit 22. Project 2 Water Surface Elevation Reduction 
Exhibit 23. Project 3 Water Surface Elevation Reduction 
 

Tables 
Table 1.  Time of Concentration Calculations 
Table 2.  Hydrologic Results 
Table 3.  Hydraulic Results     
Table 4.  Preliminary Opinion of Probable Cost – Project 1 
Table 5.  Preliminary Opinion of Probable Cost – Project 2 
Table 6.  Preliminary Opinion of Probable Cost – Project 3�

 
Appendix 
Appendix A. Flood Insurance Study (FIS) for Cameron County, Texas – Volumes 1-3 
Appendix B. Hydrologic and Hydraulic Models (Files attached) 
Appendix C. GIS Geodatabase (File Attached) 
 

Amendment 1 – Reduced Scope Analysis 

Table 4.  Preliminary Opinion of Probable Cost – Project 4�
Exhibit 24. Project 4 Proposed 25-year Floodplain 
Exhibit 25A. Project 4 Removed Buildings (Expanded Area View) 
Exhibit 25B. Project 4 Removed Buildings (Focused Area View) 



� �
�
� �

 

Page | 5 

Halff Associates, Inc. 
1075 Paredes Line Rd., Suite B 

Brownsville, TX 78521 
 

1. Executive Summary 

The City of Harlingen (City) was recently awarded funds from the American Rescue Plan 

Act (ARPA) to construct drainage improvements to aid in mitigating flood risk within the 

City.  The City planned to construct a detention pond from their 2008 Master Drainage 

Plan, however, the project site was no longer available and Halff Associates, Inc. (Halff) 

was tasked with analyzing an alternate detention pond site location, including a City-

Owned property just southwest of the intersection of Wilson Rd. and N. Commerce St.  

To assess the alternate pond site location, it was determined, in conjunction with City 

staff, to initiate a master drainage study targeting the area around Lozano St., generally 

northwest of the intersection of N. Commerce St. and Fair Park Blvd. (but extending as 

far south as the railroad line).  The project area identified is approximately 1.75 sq-mi in 

area however, an approximately 4 sq-mi area was considered in the model to ensure that 

all flows contributing to drainage features within the study area were accounted for in the 

model.  A project area map is provided in Exhibit 1 that highlights the extent of both areas.  

The study included the identification of flood risk zones within the project area and the 

development of constructable drainage mitigation alternatives.  Additionally, the study is 

intended to aid in the planning, design, funding procurement assistance, and construction 

of a detention facility located along Lozano Street. Halff engineers met with City Staff 

members on multiple occasions to understand City challenges and objectives, provide 

updates on progress, to help validate the results of the existing conditions analysis and 

mapping, and to assist the City with selection and prioritization of proposed drainage 

improvements. 

Halff developed a fully integrated hydrologic and hydraulic analysis covering the project 

area with XPSWMM 2019.1 software incorporating best available topographic, drainage 

infrastructure, and physical data. The model covered approximately 4 square miles of 

subbasins and incorporated around 20 miles of drainage infrastructure (ditches, channels, 

and storm drains). The analysis resulted in updated discharges and water surface 

elevations for the 5-, 10-, 25-, 50-, 100-, and 500-year storm events. 
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Existing roadway crossings and over 150 buildings are at risk of structural damage due 

to flooding during the 25-year event within the project extents. Analysis of the existing 

drainage infrastructure relative to the updated hydrology for the 10-year, 25-year, and 50-

year events indicate that typical sources of flooding stem from undersized downstream 

culverts, insufficient storage capacity within existing infrastructure (including storm drain 

systems and channels), and ponding in naturally low-lying areas. Other factors 

contributing to flooding include the system outfalls to the North Main Drain, namely the 

outfall from the T-Street Channel. Elevated floodwaters in the North Main Drain limit the 

ability of the T-Street Channel to drain the study area during most storm events, 

compounding the localized drainage issues within the study area. This Master Drainage 

Study is designed to address the flooding issues in the areas draining to the T-Street 

Channel and assess the impact of proposed detention facilities and subsequent storm 

water conveyance improvements.  This study does NOT include an evaluation of the 

North Main Drain system. Risk area “hotspots” within the project area were verified with 

City Staff members and carried forward for detailed investigation. These areas include 

the subdivision southeast of the proposed detention facility along North Wichita Avenue 

between Fair Park and Lozano St., the area between Fair Park and W. Jefferson Ave., 

and the area near West Teege Avenue and North T Street.  It should be noted that the 

third area on the west side of the study area is isolated from the city-proposed pond 

location adjacent to Lozano St. by an elevated irrigation canal.  As such, it was not 

feasible to provide drainage relief on the west side of the study area by utilizing detention 

areas on the east side.  As such, and due to limited options based on existing land areas 

and high tailwater conditions in the North Main Drain, an additional detention area was 

assumed on a large agricultural tract of land adjacent to the expressway.  It should be 

noted that this may not be a cost-feasible solution, however, the modeling results provide 

an indication of the level of mitigation required to provide a meaningful impact in that 

region.  

This report addresses the structural flood reduction alternatives considered to help reduce 

flood risk in the identified areas. Alternatives considered include the construction of a 

regional detention pond facility and improved storm drain conveyance. In total, there are 
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three mitigation projects presented in this report including (Note: Project numbers are for 

identification purposes only and are not indicative of a priority ranking): 

   Project 1: Lozano Street and North Wichita Avenu e.   This project includes the 

construction of two detention ponds; one ±13-acre pond northeast of Lozano Street 

and one ±1-acre pond southwest of Lozano Street along with associated storm 

sewer upgrades. A detailed description of the project improvements is presented 

in Section 4 and Exhibit 9 . 

Project 2: Fair Park Boulevard and West Jefferson A venue.  This project builds 

off of the improvements proposed in Project 1 , with the addition of two detention 

ponds, one ±2-acre pond along Wichita Avenue and one ±3-acre pond along North 

L Street.  Additionally, the storm water trunk line along Fair Park Boulevard, North 

Eye Street, West Jefferson Avenue, and North L Street would be upgraded. A 

detailed description of the project improvements for this mitigation alternative is 

presented in Section 4 and Exhibit 10 .   

Project 3: North T Street and West Teege Avenue) , This project involves the 

construction of a ±22-acre regional detention facility (RDF) along North T Street 

and the North T Street Channel, with upsizing of the storm water trunk lines along 

North R Street, West Teege Avenue, Lafayette Avenue, and North T Street. As 

previously noted, options for addressing drainage on the west side of the elevated 

irrigation canal are limited and this option may not be feasible, however, the 

analysis was run to show the impact that additional storage area could have on 

high flood risk structures in the western side of the study area.  

1.1 Summary/Results 

The overall results of implementing Project 2 include removal of nearly 80% of flooded 

structures for the 10-year rainfall event, nearly 60% removal for the 25-year event and 

over 40% for the 100-year event. The preliminary estimated cost of implementing Project 

2 is approximately $15.9 M.  If proposed improvements are limited to what is proposed 

for Project 1, those percentages go down to approximately 40%, 38%, and 24% for the 
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10-, 25-, and 100-year rainfall events respectively. The preliminary estimated cost of 

implementing Project 1 is approximately $9.4 M.   

2. Introduction and Background 

2.1 Project Objectives 

The purpose of the City of Harlingen Master Drainage Study is to support the planning, 

design, funding procurement assistance, and construction of a detention facility along 

Lozano Street as well as identify structural solutions to flooding issues. This was 

completed through the development of a detailed 2-D stormwater runoff model that will 

be provided to the City for future planning efforts. The following items are addressed in 

this report: 

1. Hydrologic and Hydraulic Models - A new hydrologic and hydraulic model was 

developed for the existing conditions of the project area, with an emphasis on the 

areas draining to the T Street Channel, using best available physical data. The 

input data, methodology, assumptions and model results are described in this 

report. 

2. Floodplain Mapping- The 5-, 10-, 25-, 50-, 100-, and 500-year floodplains for the 

project location have been generated from the new existing conditions model and 

overall post-projects model, included with this report. 

3. Mitigation Solution Development- Flood mitigation solutions are proposed for 

several risk areas identified by the hydrologic and hydraulic model and were vetted 

through multiple coordination meetings with City Officials. 

2.2 Community and Watershed Description 

The City of Harlingen is located within District No. 5 of Cameron County (CCDD5), Texas 

in the Rio Grande Valley (“Valley”). Figure 1  provides a location map of the City of 

Harlingen relative to other cities and geographic features in the area along with the 

primary hydrologic features in Cameron County. The natural geography of these areas is 

characterized by extremely flat terrain and localized depressions that are influenced by 
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historical flooding from the Rio Grande River and Arroyo Colorado deltas. Natural 

drainage patterns and drainage boundaries are difficult to identify, posing an unknown 

risk for several areas within the area. Additionally, constructing conveyance networks (i.e. 

storm drains, channels, irrigation networks, etc.) change the natural flow patterns of the 

area, oftentimes making it more difficult to identify and mitigate the flood risk. 

The Arroyo Colorado is the receiving body of water for most constructed drainage 

systems on the south side of the City with the relief floodway channel, the North Main 

Drain (maintained by the Texas Water Development Board (TWDB) and CCDD5 through 

the City of Harlingen) draining the majority of north Harlingen. The current, effective Flood 

Insurance Study (FIS) for the City of Harlingen was published on February 3, 1981, with 

subsequent areas outside of the city limits studied in 1983 and 1999. The studies have 

yielded Flood Insurance Rate Map (FIRM) panels 48061C0255F (dated 04/16/2018), 

48061C0260F (dated 04/16/2018), 48061C0265F (dated 04/16/2018), and 

48061C0270F (dated 04/16/2018).  The panel that covers the study area is 48061C0255F 

and is show in Exhibit 5 .  This area was not considered during effective mapping as the 

area is shown to be a FEMA Zone X. The FIS reports relating to FIRM panel 

48061C0255F (Appendix A ), which contains a majority of the City of Harlingen, explains 

that the major source of flooding for the city was due to the slow rate at which water can 

leave through the North Main Drain, resulting in inefficient storm drain conveyance and 

prolonged local flooding exaggerated by the area’s flat terrain. To map the effects of 

ponding, mapping was generated based on a stage (elevation) and storage (volume) 

method. A volume for the 100-year storm event was estimated using the SCS method. 

The volume was then applied to a topographic map of one-foot contours. At each stage, 

a volume was estimated to be captured within that contour elevation. The current mapping 

is a result of the full 100-year flow being contained within a given elevation for each 

primary ponding area. 

A Master Drainage Plan was previously developed for the City of Harlingen in 2008, which 

identified 68 Capital Improvement Projects (9-Drainage Ditches, 59-Storm Sewers) 

totaling over $53 million to mitigate for the 5-year storm primarily. Modeling platforms 
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used for the 2008 study included HEC-HMS and HEC-RAS Steady State (channels and 

drainage ditches) and EPA-SWMM 5.0 (storm sewers), along with the United States 

Geological Survey Atlas of Depth-Duration Frequency of Precipitation Annual Maxima for 

Texas (SIR 2004-5041, Asquith and Roussel) rainfall data. Halff reviewed the 2008 

Master Drainage Plan to better understand how the City’s drainage system was laid out 

and to incorporate the inventory of existing structures along with geodata provided by the 

City. Seven channels and storm drain networks, totaling approximately 20 miles, were 

restudied and optimized based on the integrated hydrologic and 2D hydraulic modeling 

methods for this Master Drainage Study. In particular, two channels, not including the 

North Main Drain, and storm drain networks, totaling approximately 12 miles, have been 

identified as contributing to this report’s identified risk areas. 

Figure 1. City of Harlingen Location Map  
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2.3 Historical Flooding 

The Rio Grande Valley has experienced several major storms over the last 50 years that 

have been well documented, including Hurricane Beulah (1968), Hurricane Alex (2010), 

and May 2016 flooding that resulted in a Federal Disaster Declaration. Between June 18 

and 22, 2018, torrential rainfall causing widespread flooding occurred across the Valley. 

Many areas received more than 10-inches of rainfall with isolated areas in Harlingen 

experiencing greater than 16-inches. This rain event caused flood damage to thousands 

of structures across the Valley and in Harlingen. Figure 2  shows the accumulated rainfall 

resulting from the June 18–22, 2018, rain event according to Advanced Hydrologic 

Prediction Service (AHPS), Automated Surface Observing System (ASOS), Community 

Collaborative Rain, Hail, and Snow Network (CoCoRaHS), and Cooperative Observer 

Network (Co-OP). 

Figure 2. June 18-22, 2018, Rainfall Map 
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More recently, between June 24 and 25, 2019, much of the Valley experienced a rainfall 

event nearly equivalent to that observed in 2018. Multiple areas once again received more 

than 10-inches of rainfall with isolated areas in Harlingen experiencing upwards of 10-

inches. Figure 3  shows the accumulated rainfall resulting from the June 24–25, 2019, 

rain event according to Advanced Hydrologic Prediction Service (AHPS), Automated 

Surface Observing System (ASOS), Community Collaborative Rain, Hail, and Snow 

Network (CoCoRaHS), and Cooperative Observer Network (Co-OP). 

Figure 3. June 24-25, 2019, Rainfall Map 

 

Throughout the City of Harlingen, several roadways overtopped, and structures were 

inundated for days after each storm.  Figures 4 and 5  are images taken in or near the 

City of Harlingen after the storm events had passed through the area in 2018 and 2019. 
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Figure 4. Flood Photo June 2018, in Harlingen, TX 

 

 
Figure 5. Flood Photo 06/25/2019 at Industrial Boul evard and US-77 
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3. Methodology and Existing Conditions Analysis 

3.1 Data Collection 

To assess the current flood risk for the study area, existing hydrologic and hydraulic 

information was gathered from several sources including: the City of Harlingen, Texas 

National Resource Information System (TNRIS), Texas Commission on Environmental 

Quality (TCEQ), the Natural Resources Conservation Service (NRCS), the United States 

Geological Survey (USGS), the United States Fish and Wildlife Service (USFWS), the 

Texas Parks and Wildlife Department (TPWD), and the Federal Emergency Management 

Association (FEMA). 

Field reconnaissance was performed on February 17, 2022, to observe previously 

identified areas of concern after presenting the existing conditions results to City Staff. All 

elevations were based on 2018 TNRIS LiDAR which has a cell size of approximately 3.28 

feet (1 meter). The following items were collected and utilized to aid in this analysis: 

-  Field verified culvert sizes within key hotspot areas previously identified. 

-  City of Harlingen provided storm drain network layout in GIS. 

-  NRCS Land Use coverages and hydrologic soil groups. 

-  Cameron County Drainage District No. 5 provided drainage areas, channels, and 

culverts in GIS and maps. 

-  2008 City of Harlingen Master Drainage Plan (primarily used to verify culvert and 

storm drain alignments and sizes). 

-  Wetland, Biological Elements, Cultural Resources, Hazardous Materials, and 

Social Implications data used for Environmental Constraints Analysis in GIS 

(USFWS, TPWD, TCEQ). 

 
3.2 Modeling Platform 

A combination One-Dimensional and Two-Dimensional (1D/2D) model was built to 

simulate complex flood scenarios using the Innovyze XPSWMM (Storm Drain and 

Sanitary Sewer Modeling) software platform, a comprehensive hydrodynamic model that 



� �
�
� �

 

Page | 15 

Halff Associates, Inc. 
1075 Paredes Line Rd., Suite B 

Brownsville, TX 78521 
 

performs both hydrologic and hydraulic computations. These 1D/2D models simulate the 

interactions between underground storm drain networks, open channels, and shallow 

overland flooding across a detail terrain. The primary benefit of using these 1D/2D models 

is their ability to account for storage of storm water as they enter and leave the 1D 

systems onto areas of overland flow. The complete drainage model of the watershed was 

used to simulate the behavior of the existing drainage systems for the 24-hour design 

storms for the 5-, 10-, 25-, 50-, 100-, and 500-year return intervals. 

3.3 Hydrologic Analysis 

A hydrologic analysis was performed for the entire study area including an analysis of key 

areas outside of the region that drain towards the site, primarily from the north and the 

west. The 2008 City of Harlingen Master Drainage Plan completed a detailed hydrologic 

assessment of the area, developing a corresponding HEC-HMS model for the City. This 

information has since become outdated with increased development occurring within the 

City and higher rainfall estimates through the publication of NOAA’s Atlas 14 Point 

Precipitation Frequency Estimates. The following sections outline Halff’s assumptions 

and methodology for the study. 

3.3.1 Drainage Areas 

Drainage areas were characterized for all major and minor drainage networks, consistent 

with the 2008 City of Harlingen Master Drainage Plan Storm Sewer System Map, shown 

in Exhibit 6 . Areas studied during the 2008 MDP that were reevaluated for this study 

include the following systems: 

 

-  S019 
-  S021 
-  S105 
-  S121 
-  S130 

-  S163 
-  S207 
-  S224 
-  S225 
-  S226 

-  S228 
-  S232 
-  S233 
-  S236 
-  S241 

 
Drainage basins were re-delineated using Arc Hydro, a GIS software extension, and 2018 

TNRIS LiDAR terrain elevations, and range in size from a minimum of 4.5 acres to a 

maximum of 3,500 acres. Larger drainage areas were used to represent the regions west 
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and north of the project area draining to the North Main Drain to establish tailwater and 

downstream boundary conditions for the drainage networks within the interior of the study 

area. Smaller drainage areas were delineated in areas where additional detail is required 

to evaluate conditions at a storm drain level. These areas were more consistent with the 

level of detail provided during the 2008 Master Drainage Plan.  

 
3.3.2 Precipitation 

Storm frequency data was obtained from the National Oceanic and Atmospheric 

Administration (NOAA) Atlas 14, Volume 11, Version 2 Precipitation for 24-hour storm 

durations and applied as an HEC-HMS Frequency Storm event with TP40 Areal 

Reduction. Atlas 14 was first published on September 27, 2018 and is a reassessment of 

historical rainfall data, adding 20 years of data to the 1998 USGS Depth-Duration 

Frequency of Precipitation for Texas report, currently used by most communities including 

the City of Harlingen. On average in Cameron County, Atlas 14 indicates that the 100-

year event is closer to the rainfall previously considered the 250-year event, averaging 

11.8 inches of rainfall in a 24-hour storm. Figure 6  contains the rainfall depth-duration-

frequency data used in this study, in inches. 

Figure 6. Rainfall Depth-Duration-Frequency (inches ) 

Return 
Period 

Percent 
Annual 
Chance  

1hr 2hr 3hr  6hr 12hr 1dy 2dy 3dy 4dy 7dy 

5-Year 20% 2.60 3.20 3.54 4.13 4.72 5.36 6.12 6.62 6.98 7.74 
10-Year 10% 3.06 3.81 4.25 5.03 5.79 6.61 7.55 8.15 8.56 9.40 
25-Year 4% 3.68 4.67 5.27 6.33 7.38 8.47 9.69 10.4 10.9 11.8 
50-Year 2% 4.15 5.33 6.08 7.38 8.69 10.1 11.5 12.3 12.9 13.8 
100-Year 1% 4.62 6.03 6.95 8.55 10.2 11.8 13.6 14.5 15.0 15.9 
500-Year 0.2% 5.78 7.92 9.40 11.9 14.4 16.9 19.0 20.2 20.8 21.9 

 

3.3.3 Rainfall-Runoff Losses 

All rainfall-runoff was computed using the SCS Curve Number method, developed by the 

Natural Resources Conservation Service (NRCS). This method is used to predict the 

direct runoff and infiltration of an area based on the area’s land use, hydrologic soil group, 

and hydrologic condition.  
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Land use estimates were prepared using GIS data obtained from the NRCS land 

classifications datasets. Land use data provides an estimate of runoff potential with 

greater levels of impervious cover resulting in increased runoff potential. The predominant 

land use type for the drainage areas contributing to the project area, are low- to medium-

density developments, including One Family Dwelling Districts (R-1). R-1 designation 

includes single-family dwellings, schools, public parks, farms and churches. Low- to 

medium-density density developments typically vary with percent impervious covers, 

ranging between 20% to 49% and 50% to 79%, respectively. For the purposes of this 

Drainage Plan, as most of the area is a fully developed urban setting, existing and future 

land use values are assumed to be constant.  

Soils data was acquired from the Web Soil Survey provided by the NRCS Soil Survey 

Geographic Database (SSURGO). Soil properties influence the relationship between 

rainfall and runoff dependent on their physical characteristics. Soils are generally grouped 

into four hydrologic soil groups (A, B, C, and D) each having increasing runoff potential. 

As shown in Exhibit 7 , the predominant soil group for the drainage areas contributing to 

the project area is Hydrologic Soil Group C. These soils are generally classified as clay 

loam, having slow infiltration rates and moderate to high runoff potential. 

Data from the NRCS land classification datasets and SSURGO were classified into curve 

number data according to the runoff curve numbers in Tables 2.2 A, 2.2 B, and 2.2C from 

the 1986 NRCS Urban Hydrology for Small Watersheds TR-55 document. The higher the 

curve number, the greater surface runoff potential. Curve Numbers were computed based 

on a composite percentage of soil type and land use within each subbasin. Figure 7 

provides the simplified Curve Number Classification used in the analysis.  
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Figure 7. Curve Number Classification Table 

Land Use Type Hydrologic Soil Group Impervious 
Percent Land Use # City Land Use A B C D 

11 Water 100 100 100 100 3% 

21 Developed Open Space 57 72 81 86 30% 

22 Developed Low Intensity 61 75 83 87 40% 
23 Developed, Medium Intensity 77 85 90 92 60% 
24 Developed, High Intensity 89 92 94 95 75% 
31 Barren Land 38 58 72 79 10% 
41 Deciduous Forest 30 55 70 77 0% 
42 Evergreen Forest 30 55 70 77 0% 
52 Shrub 35 56 70 77 10% 
71 Grassland/Herbaceous 30 58 71 78 5% 
81 Pasture/Hay 39 61 74 80 3% 
82 Cultivated Crops 67 78 85 89 3% 

 

3.3.4 Unit Hydrograph Method 

The SCS Dimensionless Unit Hydrograph method was used to generate runoff 

hydrographs. Time of concentrations were computed based on the 2016 Texas 

Department of Transportation (TxDOT) Hydraulic Design Manual using the Natural 

Resources Conservation Service (NRCS) TR-55 methodology for overland sheet flow 

(Equation 4-17), shallow concentrated flow (Equation 4-18), and channel flow (Equation 

4-19), which is based on a derivation of the Manning's equation. As no drainage criteria 

was provided by the City of Harlingen, no minimum or maximum assumptions were made 

for any component of the time of concentration calculations (sheet, shallow concentrated, 

and channel flow). Calculated values reflect the existing conditions of the area and may 

be viewed in Table 1 .  

3.4 Hydraulic Analysis  

3.4.1 Hydraulics Platform 

Innovyze XPSWMM software allows for complex 1D/2D flow interactions appropriate for 

the study area. The 1D network uses links to model conveyance (underground storm 

drains, open channels, culverts) and nodes (junction boxes, inlets, manholes) to connect 
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these links. Links are separated to account for any significant hydraulics changes 

associated with the conveyance system geometry (i.e. Manning’s roughness values, 

junction loss coefficients, friction slope, etc.). 

Flow exchange between the 1D and 2D aspects of the model is primarily performed via 

the connection between nodes and the 2D model mesh (Figure 8 ). The 2D mesh was 

created as a triangulated irregular network (TIN) using existing gridded 2018 USGS LiDAR 

terrain (3.28-foot x 3.28-foot spatial resolution) data, provided by TNRIS, and ranges from a 

10-foot x 10-foot to 20-foot x 20-foot cell size, depending on the level of detail required. 

Figure 9 is of the same area shown in Figure 8  and shows the results of the 2D flow onto 

the surface mesh. 

Figure 8. 1D/2D Model Snapshot 
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Figure 9. 1D/2D Model Results Snapshot 

 

3.4.2 Hydraulics Parameters 

All known and significant storm drainpipes were provided by the City of Harlingen in a 

comprehensive ArcGIS shapefile or were extracted from the 2008 City of Harlingen MDP 

EPA-SWMM 5.0 model. The GIS shapefile included the storm drain systems of pipes 

ranging in size from 10 inches to 72 inches and concrete boxes upwards of 10-foot x 9-

foot. Storm drain alignments and geometric properties were imported into the XPSWMM 

model from the 2008 City of Harlingen Master Drainage Plan Storm Sewer System Map, 

shown in Exhibit 8 , through a series of conversions from EPA-SWMM 5.0. The systems 

identified in both of the provided datasets were cross-referenced to ensure consistency 

and that the best available data was applied to the existing conditions XPSWMM model. 

All identified storm drains and open channel information were applied to the model as 1D 

link features. All 1D features were connected to the 2D surface via 1D/2D connections 

where water had the potential to leave system. When channel banks or storm drains could 

no longer contain the stormwater flow, the excess volume was allowed to discharge and 

flood the 2D surface through manholes, inlets, and channel banks. Flow from the 2D 

mesh was set to enter the 1D network via manhole nodes using standard weir equations. 

The following hydraulic assumptions were made using standard engineering principals, 

including the following: 
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-  Manning’s roughness coefficients for existing storm drain networks were assumed 

to be 0.015 (concrete pipe in good to poor condition) based on previous studies. 

-  Open channel geometry was derived using 2018 TNRIS LiDAR and site 

inspections, where applicable, and limited to top of bank. 

-  Invert elevations at 1D nodes in the North Main Drain lowered to account for 

apparent baseflow observed during the processing of the 2018 TNRIS LiDAR. 

-  The terrain mesh triangular area are sized at 400 square feet in open areas 

requiring less detail (open fields) and 100 square feet along open channel systems. 

-  2D areas were broken into three land use categories with Manning’s roughness 

coefficients of 0.018 (Pavement/Streets), 1.00 (Structures), and 0.045 

(Undeveloped/Open Space). 

-  Downstream boundary conditions varied from Free Outfall (Normal Depth), Head-

Flow Boundaries (Friction Slope), Rating Curves, or Stage Hydrographs based on 

previous studies or iterations of the newly developed existing conditions model. 

-  Entrance and exit loss coefficients for storm drains were applied to all 1D link 

features and adhere to the following standards in Figure 10.  

Figure 10. Entrance and Exit Loss Coefficient Stand ards  
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3.5 Existing Conditions Model Results 

The Innovyze XPSWMM 1D/2D model revealed areas of high probable flood risk across 

the City of Harlingen. Exhibit 10 shows the XPSWMM 1D/2D model network with the 25-

year flood risk shown. The model results shown were imported into GIS software to 

develop preliminary floodplain maps for City review. Exhibits 9, 10, and 11 contain the 

existing conditions floodplain maps for the 10-year, 25-year, and 100-year events, 

respectively. Table 2  contains the Summary of Discharges for Subbasins, Nodes, and 

Conduits/Open Channels (Links). Table 3 contains the Hydraulic Summary Information 

of the Water Surface Elevations at the nodes for the 25- year event. 

Analysis of the model shows that the primary sources of flooding during 25-year storm 

are due to backwater from the North Main Drain into the T Street Channel, undersized 

storm drain networks with the inability to convey stormwater away from developed areas 

of the city, and insufficient applications of regional stormwater detention. 

In addition to maximum flood depth, the existing conditions model contains a time series 

of flow, depth, and direction across the project area, to better understand the timing and 

duration of flooding. Overall, the existing conditions model revealed approximately 166 

structures near or within the 25-year floodplain relative to the finished flood elevations of 

the structures, assumed to be 6-inches above the lowest adjacent grade. Figure 11 

presents a breakdown of flooded structures for the 5-, 10-, 25-, 50-, 100-, and 500-year 

design flood. 

Figure 11. Existing Number of Structures at Risk. 

 5-Year  
Storm Event 

10-Year  
Storm Event 

25-Year  
Storm Event 

50-Year  
Storm Event 

100-Year  
Storm Event 

500-Year 
Storm Event 

Structures 20 72 166 268 401 643 

Several “hot-spot” areas were identified for a higher risk of flooding and presented to the 

city for review as discussed below. City Staff provided feedback on the identified areas 

and was in general agreement with the preliminary results of the existing conditions 

model. The discussed “hot-spots” identified three project areas within the extents of the 

City of Harlingen Drainage Study that were studied in greater detail to determine 
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mitigation solutions for flooding. These project areas encompassed all “hot-spot” areas 

that had been identified during initial project scoping meetings and subsequent meeting 

with City Staff. 

The Primary Risk Areas identified for the identification of mitigation solutions are 

summarized as follows: 

1. North Wichita Avenue and Lozano Street : Encompasses the area north of Fair 

Park Boulevard, along North Wichita Avenue, to the area of interest along Lozano 

Street where the City has discussed the development of a detention facility. This 

area addresses the flood risk observed near the Harlingen Police Department and 

all of the neighborhoods adjacent to North Wichita Avenue. 

2. North Eye Street and West Jefferson Avenue : Encompasses the 

neighborhoods south of Fair Park Boulevard to Madison Avenue, with the highest 

observed flood risk occurring along North Eye Street and West Jefferson Avenue. 

3. West Teege Avenue and North T Street : Encompasses the neighborhoods 

adjacent to West Teege Avenue between North U Street and North Q Street. Also 

includes the neighborhoods north of West Teege Avenue between North T Street 

and North R Street. Risk area includes a further evaluation of the T Street Channel. 

Each of the risk areas identified above experienced flooding during the June 2018 and 

2019 events. These areas are outlined in Exhibit 11 . It is estimated that rainfall amounts 

were comparable to a 500-year storm event in isolated areas.  

3.6 Preliminary Environmental Review 
A preliminary desktop level review of available environmental datasets was completed to 

evaluate potential environmental considerations within the project area.  This was done 

to identify potential environmental studies and/or permits that may be triggered from 

proposed mitigation projects within the area.  The following paragraphs provide a general 

overview of the project area with respect to critical environmental parameters. 

Several datasets were collected and mapped to characterize the general environmental 

conditions of the site and identify potential constraints that may require additional 
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consideration during project design phases.  Datasets that were collected as part of this 

evaluation include: TR-55 Land Use Classifications, USDA Hydrologic Soil Groups, 

USGS National Hydrography Dataset, FEMA National Flood Hazard Layer, USFWS 

National Wetland Inventory, USFWS Critical Habitat, TPWD State Parks, TPWD Wildlife 

Management Areas, THC Historical Markers, TCEQ Superfund Sites, and TEA Schools. 

The most significant finding of this preliminary level review was the identification of a 

superfund site, Niagara Chemical, in the southeast section of the project area.   

�

4. Alternative Analysis 

The primary mitigation strategy that was investigated during this study was the placement 

of a regional detention facility to the northeast of Lozano Rd as directed by City of 

Harlingen staff.  However, Halff was also tasked with identifying other potential strategies 

to address flooding within the study area and improve accessibility of the Police Station 

on Fair Park Blvd. during a flood event.  Further, City staff indicated that a phased 

approach towards implementing flood mitigation improvements may be required.  As 

such, the two mitigation alternatives presented for the eastern side of the site (Project 1 

and Project 2) are additive with Project 2 encompassing and building upon all 

improvement included in Project 2.  Mitigation solutions were optimized for the 25-year 

rainfall event while reducing flooding for the 50-year and 100-year events as much as 

was feasible. New proposed detention facilities were first considered in areas currently 

owned by the City of Harlingen and included city parks and open space. Additional open 

area properties, primarily land used for agricultural purposes, were considered next and 

included a property acquisition cost as part of the cost estimate, as presented in Section 

5. Properties with existing structures were considered infeasible due to the high cost 

associated with relocating them. Additionally, it should be noted that detention pond 

depths were estimated based on observed depths in adjacent storm sewer manholes as 

geotechnical data was not available at the time of the study.  Geotechnical data should 

be collected during engineering design phase to confirm constructed pond depths and 

associated stormwater volumes.  
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Due to the elevated irrigation canal traversing the project area from north to south, 

improvements on the east side had little to no impact on flooding issues on the west side.  

While there was no City-owned property on the west side of the study area, there was a 

large agricultural piece of land directly adjacent to the expressway.  While land costs and 

other considerations may make use of this site as a detention pond infeasible, the lack of 

available land to create detention and provide flood relief to the western side of the study 

area facilitated a planning level option using that area.  This option is described in detail 

in Project 3 and was identified as one of the only options to address flooding on the west 

side without addressing tailwater conditions in the North Main Drain. 

The three mitigation projects modeled in this study are as follows: 

   Project 1: Lozano Street and North Wichita Avenu e (Exhibit 9) .  This project 

includes the construction of two detention ponds: one ±13-acre pond northeast of 

Lozano Street and one ±1-acre pond southwest of Lozano Street, with upsizing of 

the storm water trunk line along Wichita Avenue and Fair Park Boulevard. Existing 

infrastructure varies between one - 18” reinforced concrete pipe (RCP) and one - 

42” RCP, based on City of Harlingen storm drain alignments. Proposed 

improvements include a single 8’x4’ reinforced concrete box (RCB) from West 

Memphis Street to the Lozano Street detention pond, a single 8’x3’ RCB from Fair 

Park Boulevard to West Memphis Street, and a single 5’x3’ RCB along Fair Park 

Boulevard towards North Commerce Street. Detention pond southwest of Lozano 

Street will tie-in to the existing 48” RCP along the Number One Canal through one 

- 42” RCP (inflow) and one - 24” RCP (outflow). The detention pond northeast of 

Lozano Street will tie-in to the existing single 6’x3’ RCB underneath the Number 

One Canal through one - 36” RCP. 

Project 2: Fair Park Boulevard and West Jefferson A venue (Exhibit 13) , 

Project 2 builds off of the improvements proposed in Project 1 , with the addition 

of two detention ponds, one ±2-acre pond along Wichita Avenue and one ±3-acre 

pond along North L Street.  Additionally, the storm water trunk line along Fair Park 

Boulevard, North Eye Street, West Jefferson Avenue, and North L Street would be 
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upgraded. Existing infrastructure varies between 1-18” reinforced concrete pipe 

(RCP) and 1-48” RCP, based on City of Harlingen storm drain alignments. 

Proposed improvements include three – 30” RCPs along Fair Park Boulevard, two 

additional parallel 36” RCPs along North Eye Street and West Jefferson Avenue 

and an additional parallel 48” RCP along North L Street. Along North H and North 

J Street, a single – 36” RCP is proposed to tie-in to adjacently proposed system. 

Along North Eye Street, south of West Jefferson Avenue, an additional single – 

36” RCP is proposed to the intersection with Jackson Avenue. 

Project 3: North T Street and West Teege Avenue (Ex hibit 17) , Construction of 

a ±22-acre regional detention facility (RDF) along North T Street and the North T 

Street Channel, with upsizing of the storm water trunk lines along North R Street, 

West Teege Avenue, Lafayette Avenue, and North T Street. Existing infrastructure 

varies between 1-15” reinforced concrete pipe (RCP) and 1-48” RCP, based on 

City of Harlingen storm drain alignments. Proposed improvements include the 

removal of existing systems along the aforementioned trunk lines, and the 

following replacements, one – 8’x5’ RCB along North T Street at West Teege 

Avenue and transitioning to two – 8’x’5 RCBs near Sunset Circle to the proposed 

RDF. An additional parallel 48” RCP is proposed along North R Street from West 

Teege Avenue to Lafayette Avenue to the proposed RDF. Along Sunset Circle, a 

single 8’x4’ RCB is proposed between North T Street and North R Street. Along 

West Teege Avenue, west of North T Street, a single 6’x4’ RCB and 8’x5’ RCB are 

proposed. Along West Teege Avenue, east of North R Street, a single 6’x4’ RCB 

and 6’x3’ RCB are proposed. 

All three projects were modeled within Innovyze XPSWMM 2019.1, using the existing 

conditions model as a base. As mentioned previously, future land use conditions were 

not incorporated into the proposed conditions analyses as the effects of the land use 

changes were deemed negligible. The primary benefit of using the XPSWMM 1D/2D 

modeling software is that existing conditions model can be reviewed in relation to time. 

The result of the model is an animated depiction of how water is flowing, making it easier 

to determine what was the main factor that was causing the flooding in each and/or near 
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each project area. Having this insight is instrumental in determining the appropriate 

mitigation solution such as storm drain improvements, culvert replacement or additions, 

and the integration of regional detention facilities. 

Proposed storm drain improvements were primarily limited to existing right-of-way as 

provided by the Cameron County parcel data and most improvements were adjacent to 

and/or replacements of existing infrastructure. In areas where property acquisition will be 

required, an acquisition cost (based on the Cameron County Appraisal District values) 

was included in the project cost estimate based on a necessary ingress/egress access 

width. 

Alternative solutions were optimized to the limits of available land acquisition and right-

of-way and modeled for the 5-, 10-, 25-, 50-, 100-, and 500-year storm events.  

Overall, implementation of Project 1 resulted in the removal of approximately 61 out of 

166 at risk structures from the 25-year floodplain and a reduction in predicted water 

surface elevations of up to approximately 1.3-ft.  A summary of the hydraulic results for 

Project 1 relative to existing conditions may be viewed in Table 3 .  A summary of 

structures removed from the floodplain is provided in Figure 11.  

Project 2 was developed as an expansion of Project 1 to increase the level of flood 

mitigation provided to the region.  The results of this analysis revealed that approximately 

99 out of 166 at risk structures were removed from the 25-year floodplain.  This represents 

an approximately 60% removal rate compared to under 40% for Project 1.  The resulting 

10-year, 25-year, and 100-year floodplains based on the modeled implementation of 

Projects 1 may be viewed in Exhibits 10-12 .  The same floodplains for Project 2 are 

displayed in Exhibits 14-16.    

Project 3 was developed to attempt to address some of the flooding issues on the west 

side of the study area that is isolated from the benefits of the proposed improvements in 

Project 1 and 2 by the elevated irrigation canal dividing the project area.  With T-St Ditch 

and NMD being at capacity during most simulated rainfall events, combined with limited 

space for stormwater detention, the only available, and potentially sufficient, space for 
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detention was the agricultural plot adjacent to I-69.  Due to the location of the property 

and assumed costs, this may not be a feasible solution.  However, it was modeled to 

provide an assessment of the impact it could have on the west side neighborhoods that 

have been identified at risk from the Existing Conditions analysis.  The analysis indicates 

that for a 25-yr storm, an additional 68 structures would be removed from the floodplain.  

When combined with Project 2, this would be a full removal of structures from the 

floodplain.  Preliminary cost estimates associated with the implementation of Project 3 

total over $19 M.  Exhibits 17-20 present the layout of the proposed improvements 

associated with Project 3 along with the resulting floodplains for the 10-, 25-, and 100-

year rainfall events.   

Mitigation opportunities for the 100-year and 500-year events were not considered 

feasible with proposed project limitations. Potential mitigation for the 100-year or 500-

year events could include property buy-outs to increase available land for larger storm 

drain systems and/or detention ponds to convey and store the increase of stormwater 

runoff. Alternatively, significant improvements to the NMD would be required to eliminate 

backwater effects on the T-Street Ditch. 

Figure 12. Summary of Structures at Risk for Existi ng Conditions, Project 1 and 
Project 2 

STRUCTURES REMOVED - 0.5' WSE REDUCTION 

  

NUMBER OF STRUCTURES AT-RISK NUMBER OF STRUCTURES REMOVED 

EXISTING ALTERNATIVE 
1 

ALTERNATIVE 
2 

ALTERNATIVE 
3 

ALTERNATIVE 
1 

ALTERNATIVE 
2 

ALTERNATIVE 
3 

10-Year 72 43 16 41 29 27 31 

25-Year 166 105 67 98 61 38 68 

100-
Year 

401 304 222 357 97 82 44 

Note: Alternative 2 is assumed to be an extension of Alternative 1, results shown assume Alternative 1 has been previously constructed. 

�

�

�
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5.0 Project Costs 
Preliminary project costs were developed using quantity estimates and unit prices from 

resources such as Cameron County Appraisal District, Texas Department of 

Transportation and recent bid tabulations of previous Halff projects within South Texas. 

The cost estimates are preliminary and should be considered a rough approximation of 

the probable cost.  The costs assume that no utility relocations will be required.  More 

detailed, and precise costs would be developed during engineering design phase.  

Breakdowns of project costs for Projects 1, 2, and 3 are provided in Tables 4 - 6. The total 

project cost for each option, including design costs and a 30% contingency are 

approximately $9.4 M, $15.9 M, and $19.9 M respectively.   

6. Proposed Alternative 

The proposed alternative based on the analysis discussed in this report is to implement 

Project 2 using a phased approach. This project provides the greatest flood mitigation 

benefit to the study area and removes approximately 60% of structures flooded under 

existing conditions from the floodplain.  The majority of the structures remaining in the 

floodplain are located on the west side of the elevated irrigation canal and would need to 

be addressed in a separate project as discussed in Section 4.  While specific phasing 

would be addressed during design phase, it is anticipated that work could begin by 

excavating the large detention pond on the northern end of the project area.  Then 

depending on budget cash flows, storm sewer upgrades and additional pond areas could 

be phased in to reach the maximum benefit of the fully implemented project.   

The flooded areas on the west side of the irrigation canal would need to be addressed 

with a separate project.  Project 3 illustrates the amount of storage that would be required 

to make a significant impact towards flood mitigation in that area.  Short of the large 

agricultural tract adjacent to the freeway that was identified, space for detention storage 

is limited. If it is determined to be infeasible to acquire that acreage and dedicate it for 

stormwater detention usage, it is believed that improving drainage in this area would 

require improvements to the larger North Main Drain ditch that would allow for more 
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efficient discharge from adjoining ditches, such as the T-St. ditch, to move flow more 

quickly away from the area.   
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TABLE 1: TIME OF CONCENTRATION CALCULATIONS

L n US Z DS Z s Tt L US Z DS Z s V Tt L n US Z DS Z US Z DS Z s A Wp Rh V Tt

(ft) (ft/ft) (min) (ft) (ft/ft) (ft/s) (min) (ft) Ground Ground Drain/Channel Drain/Channel (ft/ft) (sf) (ft) (ft/s) (min) (min) (min)

HRL_0 100 0.240 41.11 37.40 0.037 4.03 9.9 436.6 38.27 36.10 0.005 UNPAVED 1.1 6.4 1883.8 - 38.74 38.08 33.82 33.16 0.000 - - - 4.0 7.8 24.2 14.5

HRL_1 100 0.150 38.55 38.09 0.004 4.03 16.6 572.4 38.29 36.99 0.002 UNPAVED 0.8 12.4 1416.4 - 38.25 32.17 33.33 32.17 0.001 - - - 4.0 5.9 34.9 21.0

HRL_2 100 0.240 39.67 36.68 0.029 4.03 11.0 1994.4 37.64 33.97 0.002 UNPAVED 0.7 48.0 1509.0 - 38.85 27.03 38.85 27.03 0.008 - - - 2.0 12.6 71.6 42.9

HRL_3 100 0.011 57.91 29.33 0.285 4.03 0.4 - - - - - - 0.0 3200.7 - 29.44 27.09 29.44 27.09 0.001 - - - 2.0 26.7 27.0 16.2

HRL_4 100 0.150 41.93 38.62 0.033 4.03 7.1 4019.2 40.79 29.60 0.003 UNPAVED 0.9 78.7 - - - - - - - - - - - 0.0 85.8 51.5

HRL_5 100 0.150 39.53 37.40 0.021 4.03 8.6 403.8 37.57 35.74 0.005 PAVED 1.4 4.9 2162.9 - 38.03 29.29 33.10 29.29 0.002 - - - 4.0 9.0 22.5 13.5

HRL_6 100 0.150 40.26 38.81 0.014 4.03 10.1 1825.6 39.06 27.55 0.006 MIXED 1.56 19.5 - - - - - - - - - - - 0.0 29.5 17.7

HRL_7 100 0.011 40.91 34.32 0.065 4.03 0.7 848.5 39.37 29.32 0.012 PAVED 2.2 6.4 3969.5 - 32.53 28.55 32.53 28.55 0.001 - - - 2.0 33.1 40.1 24.1

HRL_8 100 0.150 42.39 39.03 0.033 4.03 7.1 3015.6 39.30 32.68 0.002 UNPAVED 0.8 66.5 - - - - - - - - - - - 0.0 73.6 44.2

HRL_9 100 0.011 40.98 38.58 0.023 4.03 1.0 1232.5 38.64 36.78 0.002 PAVED 0.8 26.0 181.2 - 40.02 37.51 35.10 32.59 0.014 - - - 4.0 0.8 27.8 16.7

HRL_10 100 0.015 38.71 37.17 0.015 4.03 1.6 1367.5 40.91 35.60 0.004 MIXED 1.1 20.8 245.9 - 35.86 35.76 30.94 30.84 0.000 - - - 4.0 1.0 23.4 14.0

HRL_11 100 0.240 37.93 23.75 0.141 4.03 5.8 1599.6 37.92 34.38 0.002 UNPAVED 0.8 35.1 320.7 - 37.92 23.75 32.99 23.75 0.029 - - - 4.0 1.3 42.3 25.4

HRL_12 100 0.013 40.91 34.76 0.061 4.03 0.8 89.3 34.85 34.66 0.002 PAVED 1.0 1.6 1524.7 - 38.29 23.58 33.37 23.58 0.006 - - - 4.0 6.4 8.7 5.2

HRL_13 100 0.015 37.38 35.68 0.016 4.03 1.5 292.0 35.88 34.71 0.004 PAVED 1.3 3.8 889.2 - 36.81 23.56 31.89 23.56 0.009 - - - 2.8 5.3 10.6 6.4

HRL_14 100 0.011 36.91 36.20 0.007 4.03 1.6 562.4 36.29 35.60 0.001 PAVED 0.7 13.2 823.3 - 38.38 24.58 33.46 24.58 0.011 - - - 4.0 3.4 18.3 11.0

HRL_15 100 0.015 39.45 37.38 0.020 4.03 1.4 282.9 37.59 36.74 0.003 MIXED 1.0 4.6 2065.5 - 38.06 35.74 33.14 30.81 0.001 - - - 4.0 8.6 14.6 8.8

HRL_16 100 0.012 41.26 37.03 0.042 4.03 0.9 1125.8 38.81 36.43 0.002 PAVED 0.9 20.0 1845.0 - 40.01 35.93 35.09 31.01 0.002 - - - 4.0 7.7 28.6 17.2

HRL_17 100 0.208 39.95 35.01 0.049 4.03 7.9 1127.6 38.85 27.28 0.010 UNPAVED 1.6 11.5 1235.6 - 38.26 26.79 38.26 26.79 0.009 - - - 2.0 10.3 29.7 17.8

HRL_18 100 0.024 41.30 36.79 0.045 4.03 1.5 3631.0 39.28 33.30 0.002 UNPAVED 0.7 92.4 256.7 - 33.73 27.46 33.73 27.46 0.024 - - - 2.0 2.1 96.0 57.6

HRL_19 100 0.173 41.61 38.70 0.029 4.03 8.4 4498.6 39.76 37.64 0.000 UNPAVED 0.4 214.1 41.7 - 40.64 38.13 35.72 33.21 0.060 - - - 4.0 0.2 222.7 133.6

HRL_20 100 0.164 42.96 37.87 0.050 4.03 6.5 2086.3 38.30 36.23 0.001 MIXED 0.5 65.0 602.4 - 36.56 35.88 31.64 30.96 0.001 - - - 4.0 2.5 74.0 44.4

HRL_21 100 0.150 40.77 38.35 0.024 4.03 8.1 2003.5 38.91 37.13 0.001 UNPAVED 0.5 69.3 183.8 - 39.78 37.07 39.78 37.07 0.015 - - - 2.0 1.5 78.9 47.3

HRL_22 100 0.150 38.83 37.51 0.013 4.03 10.4 651.8 37.65 36.33 0.002 UNPAVED 0.7 14.9 1506.1 - 37.22 36.17 32.30 31.25 0.001 - - - 4.0 6.3 31.6 19.0

HRL_23 100 0.011 44.68 40.72 0.039 4.03 0.8 857.5 40.72 38.14 0.003 PAVED 1.1 12.8 1142.9 - 40.72 40.73 39.22 38.23 0.001 - - - 4.0 4.8 18.4 11.0

HRL_24 100 0.150 40.47 38.98 0.014 4.03 10.1 686.7 38.99 37.70 0.002 UNPAVED 0.7 16.4 1429.9 - 38.77 37.27 33.85 32.35 0.001 - - - 4.0 6.0 32.4 19.4

HRL_25 100 0.150 41.14 38.64 0.025 4.03 8.0 1896.9 40.48 30.81 0.005 UNPAVED 1.2 27.4 231.0 - 38.81 28.72 38.81 28.72 0.044 - - - 2.0 1.9 37.3 22.4

HRL_26 100 0.150 41.22 39.83 0.013 4.03 10.4 1630.0 40.36 36.37 0.002 MIXED 0.8 32.4 932.8 - 40.36 36.37 40.36 36.37 0.004 - - - 2.0 7.8 50.5 30.3

HRL_27 100 0.015 38.70 36.77 0.019 4.03 1.4 401.9 37.04 36.59 0.001 UNPAVED 0.5 12.5 387.4 - 39.13 32.17 34.21 32.17 0.005 - - - 4.0 1.6 15.5 9.3

HRL_28 100 0.011 42.32 38.82 0.035 4.03 0.9 223.2 38.86 38.29 0.003 PAVED 1.0 3.6 1877.2 - 38.62 36.42 33.70 31.50 0.001 - - - 4.0 7.8 12.3 7.4

HRL_29 100 0.400 43.45 39.79 0.036 4.03 15.1 1668.9 41.33 29.78 0.007 UNPAVED 1.3 20.7 - - - - - - - - - - - 0.0 35.9 21.5

HRL_30 100 0.240 41.23 35.56 0.056 4.03 8.4 1215.6 39.99 34.41 0.005 UNPAVED 1.1 18.5 1808.7 - 38.84 28.78 31.86 28.78 0.002 - - - 2.0 15.1 42.0 25.2

HRL_31 100 0.094 40.48 38.94 0.015 4.03 6.8 2489.0 39.64 36.32 0.001 MIXED 0.7 60.9 352.8 - 38.66 36.58 33.74 31.66 0.006 - - - 4.0 1.5 69.1 41.5

HRL_32 100 0.325 45.91 34.68 0.112 4.03 8.1 2041.9 40.88 28.84 0.006 UNPAVED 1.2 27.5 - - - - - - - - - - - 0.0 35.6 21.4

HRL_33 100 0.015 43.43 40.44 0.029 4.03 1.2 2625.1 40.47 37.42 0.001 UNPAVED 0.5 79.6 606.4 - 39.66 37.95 34.74 33.02 0.003 - - - 4.0 2.5 83.3 50.0

HRL_34 100 0.011 41.14 39.41 0.017 4.03 1.2 1073.9 40.07 36.41 0.003 UNPAVED 0.9 19.0 823.7 - 40.18 37.26 35.26 32.34 0.004 - - - 4.0 3.4 23.6 14.1

HRL_35 100 0.195 44.59 42.90 0.016 4.03 11.8 2860.5 43.21 37.41 0.002 MIXED 0.8 63.2 - - - - - - - - - - - 0.0 74.9 45.0

HRL_36 100 0.240 42.89 39.49 0.033 4.03 10.4 1060.6 40.01 36.87 0.003 MIXED 1.0 18.5 329.5 - 52.78 36.97 47.86 32.05 0.048 - - - 4.0 1.4 30.2 18.1

HRL_37 100 0.013 41.03 39.45 0.015 4.03 1.4 1684.1 40.62 33.67 0.004 UNPAVED 1.0 27.1 231.3 - 39.03 33.59 34.11 28.67 0.024 - - - 4.0 1.0 29.4 17.7

HRL_38 100 0.011 44.12 42.46 0.016 4.03 1.2 927.2 42.46 37.69 0.005 PAVED 1.5 10.6 1197.1 - 37.69 37.53 36.19 36.03 0.000 - - - 4.0 5.0 16.8 10.1

HRL_39 100 0.015 41.67 38.51 0.031 4.03 1.2 1134.2 39.71 37.43 0.002 UNPAVED 0.7 26.2 602.3 - 38.29 37.82 33.37 32.90 0.001 - - - 4.0 2.5 29.8 17.9

HRL_40 100 0.015 43.72 38.63 0.050 4.03 1.0 884.8 39.79 38.57 0.001 UNPAVED 0.6 24.6 742.6 - 39.45 37.63 32.20 31.27 0.001 - - - 4.0 3.1 28.7 17.2

HRL_41 100 0.013 43.13 39.23 0.038 4.03 1.0 282.8 39.8 38.9 0.003 UNPAVED 0.9 5.2 3227.8 - 40.09 38.49 35.17 33.57 0.000 - - - 4.0 13.4 19.6 11.8

HRL_42 100 0.013 41.82 40.12 0.016 4.03 1.3 465.1 40.40 39.28 0.002 PAVED 1.0 7.8 911.8 - 42.14 39.18 37.22 34.26 0.003 - - - 4.0 3.8 12.9 7.7

HRL_43 100 0.024 41.61 38.59 0.030 4.03 1.7 3038.1 40.73 37.74 0.001 MIXED 0.6 88.7 103.8 - 40.26 38.47 35.34 33.55 0.017 - - - 4.0 0.4 90.8 54.5

HRL_44 100 0.011 45.07 39.97 0.050 4.03 0.7 200.2 40.20 39.39 0.004 PAVED 1.3 2.6 2119.3 - 41.49 38.09 34.20 31.48 0.001 - - - 4.0 8.8 12.2 7.3

HRL_45 100 0.011 43.10 40.64 0.024 4.03 1.0 - - - - - - 0.0 2900.2 - 41.00 38.43 36.08 33.51 0.001 - - - 4.0 12.1 13.1 7.9

HRL_46 100 0.011 40.75 39.20 0.015 4.03 1.2 845.5 39.70 37.80 0.002 UNPAVED 0.8 18.4 719.4 - 38.94 37.97 34.02 33.05 0.001 - - - 4.0 3.0 22.6 13.6

HRL_47 100 0.115 43.81 39.26 0.045 4.03 5.1 2403.5 39.52 36.45 0.001 UNPAVED 0.6 69.5 29.0 - 38.68 37.90 33.76 32.98 0.027 - - - 4.0 0.1 74.7 44.8

HRL_48 100 0.011 42.66 40.83 0.018 4.03 1.1 1767.7 41.75 36.36 0.003 MIXED 0.9 31.8 - - - - - - - - - - - 0.0 32.9 19.8

HRL_49 100 0.011 38.37 37.00 0.013 4.03 1.3 1556.9 38.02 34.96 0.002 MIXED 0.8 30.7 343.8 - 34.99 28.76 30.07 28.76 0.004 - - - 4.0 1.4 33.4 20.0

HRL_50 100 0.013 43.61 38.97 0.046 4.03 0.9 333.7 40.94 39.48 0.004 UNPAVED 1.1 5.2 3034.9 - 42.39 29.71 37.47 29.71 0.003 - - - 4.0 12.6 18.7 11.2

HRL_51 100 0.325 40.42 34.37 0.060 4.03 10.4 1020.3 42.29 23.58 0.018 UNPAVED 2.2 7.8 1524.7 - 38.29 23.58 33.37 23.58 0.006 - - - 4.0 6.4 24.6 14.7

HRL_52 100 0.012 39.51 37.63 0.018 4.03 1.2 819.5 38.37 36.99 0.002 UNPAVED 0.7 20.6 - - - - - - - - - - - 0.0 21.9 13.1

HRL_53 100 0.011 41.02 39.52 0.015 4.03 1.2 1000.2 40.40 32.06 0.008 MIXED 1.8 9.5 1696.0 - 38.32 28.77 33.40 28.77 0.003 - - - 3.6 7.9 18.5 11.1

HRL_54 101 0.014 45.10 42.58 0.024 4.03 1.2 587.1 42.86 41.56 0.002 PAVED 1.0 10.2 1130.0 - 49.02 39.63 44.09 39.63 0.004 - - - 4.0 4.7 16.2 9.7

HRL_55 102 0.015 46.21 42.64 0.035 4.03 1.1 1756.2 42.64 30.07 0.007 UNPAVED 1.4 21.4 1075.6 - 30.93 28.97 30.93 28.97 0.002 - - - 2.0 9.0 31.5 18.9

HRL_56 103 0.011 44.13 41.54 0.025 4.03 1.0 859.7 41.58 38.60 0.003 MIXED 1.1 12.5 293.2 - 41.49 38.61 36.57 33.69 0.010 - - - 4.0 1.2 14.7 8.8

L n US Z DS Z s Tt L US Z DS Z s V Tt L n US Z DS Z US Z DS Z s A Wp Rh V Tt

(ft) (ft/ft) (min) (ft) (ft/ft) (ft/s) (min) (ft) Ground Ground Drain/Channel Drain/Channel (ft/ft) (sf) (ft) (ft/s) (min) (min) (min)

CF_1 100 0.150 39.540 37.756 0.017 3.97 9.4 2470.9 38.81 34.52 0.002 UNPAVED 0.7 61.3 6496.3 - 39.76 27.14 39.76 27.14 0.002 - - - 2.0 54.1 124.8 74.9

CF_2 100 0.400 48.909 45.873 0.030 3.97 16.4 6266.3 46.71 38.90 0.001 UNPAVED 0.6 183.4 11368.0 - 41.73 29.05 41.73 29.05 0.001 - - - 2.0 94.7 294.5 176.7

CF_3 100 0.015 43.839 40.852 0.029 3.97 1.2 2935.5 41.37 34.43 0.002 UNPAVED 0.8 62.3 4890.1 - 38.64 28.50 38.64 28.50 0.002 - - - 2.0 40.8 104.3 62.6

CF_4 100 0.015 45.442 44.574 0.008 3.97 2.0 2191.7 46.03 43.07 0.001 UNPAVED 0.6 61.7 25084.9 - 47.11 30.17 47.11 30.17 0.001 - - - 2.0 209.0 272.7 163.6

CF_5 100 0.015 42.641 41.335 0.013 3.97 1.7 2442.0 41.61 39.30 0.001 PAVED 0.6 65.0 4322.8 - 41.51 37.99 40.01 36.49 0.001 - - - 4.0 18.0 84.7 50.8

Lag Hydrology
PPT (Atlas 14 
2-YR 24 HR)

PAVED OR 
UNPAVED

Basin

Sheet Flow Shallow Concentrated Open Channel
Tc Hydrology Lag Hydrology

PPT (Atlas 14 
2-YR 24 HR)

PAVED OR 
UNPAVED

Basin

Sheet Flow Shallow Concentrated Open Channel
Tc Hydrology



TABLE 2: SUMMARY OF HYDROLOGIC RESULTS

5-Year 10-Year 25-Year 50-Year 100-Year 500-Year 5-Year 10-Year 25-Year 50-Year 100-Year 500-Year

HRL_0 61.0 78.1 101.6 119.6 138.2 184.6 HRL_33 32.1 40.9 53.4 63.3 74.1 103.5

HRL_1 32.2 40.4 51.7 60.4 69.4 92.5 HRL_34 52.4 64.0 79.7 91.7 103.9 134.9

HRL_2 83.2 103.9 133.0 156.0 180.7 247.2 HRL_35 21.0 29.9 43.5 54.7 67.2 102.0

HRL_3 36.5 44.9 56.3 65.1 74.0 96.8 HRL_36 39.1 47.6 59.2 68.1 77.2 100.7

HRL_4 67.0 89.5 122.8 149.5 179.0 259.9 HRL_37 75.3 97.8 129.1 153.3 178.5 242.2

HRL_5 55.5 67.7 84.3 97.1 110.0 142.7 HRL_38 97.2 121.0 153.2 177.6 202.2 263.5

HRL_6 92.6 112.2 138.9 159.3 180.4 234.6 HRL_39 32.3 39.8 49.9 57.7 65.7 86.1

HRL_7 127.6 159.6 203.9 238.0 273.6 365.6 HRL_40 64.6 81.2 104.1 121.5 139.6 185.6

HRL_8 47.7 64.5 89.2 109.1 131.0 190.5 HRL_41 109.3 135.6 171.3 198.4 226.0 294.5

HRL_9 30.7 39.1 50.6 59.4 68.6 91.8 HRL_42 47.9 60.9 78.8 92.4 106.1 139.3

HRL_10 85.0 106.1 134.9 156.8 179.1 235.7 HRL_43 23.5 30.4 40.2 48.1 56.7 80.2

HRL_11 35.1 45.0 58.9 69.6 80.9 110.2 HRL_44 50.8 63.8 81.5 94.8 108.3 140.8

HRL_12 58.7 74.3 95.5 111.4 127.4 165.5 HRL_45 12.4 16.4 22.1 26.5 31.0 41.9

HRL_13 24.0 30.3 38.8 45.3 51.7 67.3 HRL_46 31.6 40.4 52.5 61.7 71.2 95.2

HRL_14 14.1 17.1 21.2 24.3 27.4 35.2 HRL_47 29.4 37.8 49.8 59.3 69.6 97.4

HRL_15 51.3 65.2 84.6 99.3 114.3 150.8 HRL_48 43.5 57.2 76.6 91.8 107.8 148.5

HRL_16 54.8 67.4 84.6 97.7 111.3 145.9 HRL_49 25.1 30.3 37.5 43.0 48.7 63.3

HRL_17 50.7 60.9 74.8 85.4 96.4 124.9 HRL_50 39.0 47.1 58.0 66.3 74.7 95.8

HRL_18 42.9 53.6 68.9 81.0 94.1 130.4 HRL_51 19.4 24.5 31.6 36.9 42.4 56.3

HRL_19 9.5 12.2 16.1 19.3 22.9 33.0 HRL_52 7.5 9.4 12.1 14.2 16.3 21.6

HRL_20 51.6 66.0 86.4 102.6 120.1 167.2 HRL_53 76.1 95.4 121.8 141.7 162.0 212.2

HRL_21 14.9 20.4 28.4 34.9 42.1 61.8 HRL_54 68.6 90.2 120.5 143.7 167.6 226.9

HRL_22 28.8 35.7 45.1 52.3 59.7 78.7 HRL_55 34.4 49.3 71.5 89.4 108.8 159.5

HRL_23 34.8 44.1 56.9 66.6 76.6 101.0 HRL_56 23.6 28.8 35.7 41.0 46.3 59.3

HRL_24 32.7 42.4 56.2 66.8 77.9 106.2

HRL_25 24.9 34.1 47.4 57.9 69.3 98.6

HRL_26 41.0 55.5 76.5 93.3 111.5 159.7 CF_1 310.0 425.5 600.7 745.3 904.7 1338.3

HRL_27 16.4 20.5 26.1 30.4 34.7 45.3 CF_2 183.4 260.9 384.1 490.6 613.5 967.3

HRL_28 117.8 144.7 181.0 208.3 235.6 302.3 CF_3 167.9 226.4 314.6 387.3 467.4 687.5

HRL_29 25.6 35.5 50.0 61.6 74.2 106.6 CF_4 562.9 790.2 1148.8 1457.0 1811.4 2828.6

HRL_30 33.0 44.2 60.3 73.1 86.7 122.2 CF_5 370.6 472.5 621.8 742.2 873.9 1238.2

HRL_31 34.1 44.0 58.2 69.4 81.6 114.2

HRL_32 24.8 34.6 49.1 60.8 73.4 106.1

HEC-HMS Peak Discharges (cfs) by FrequencyHEC-HMS Peak Discharges (cfs) by Frequency
Basin Basin



TABLE 3: XPSWMM 2D HYDRAULIC COMPARISON (WATER SURF ACE ELEVATIONS)

1D NODE (.OUT)
2D NODE (HEAD 

SERIES)

CarrolS-AltInflow Circular - -

EastPond_HRL_105W Circular EastPond -

HarlingenPD_E-W Circular HarlingenPD_EPond -

HarlingenPD-W_HRL_236D.1 Circular - -

HLR_225AO.4-AO.3 Circular HRL_225AO.4 HRL_225AO.4

HLR_225AO.4-AO.3.1 Circular HRL_225AO.4.1 -

HRL_019A.2-B.1 Circular HRL_019A.2.1 HRL_019A.2.1

HRL_019B-C Circular HRL_019B HRL_019B

HRL_019C-E Circular HRL_019C HRL_019C

HRL_019C-E.1 Circular HRL_019C.1 -

HRL_019E-F Circular HRL_019E HRL_019E

HRL_021A-B Circular HRL_021A HRL_021A

HRL_021B-C Circular HRL_021B HRL_021B

HRL_021C-D Circular HRL_021C HRL_021C

HRL_021E-D Circular HRL_021E HRL_021E

HRL_021F-E Circular HRL_021F HRL_021F

HRL_021G-F Circular HRL_021G HRL_021G

HRL_021H-F Circular HRL_021H HRL_021H

HRL_021I-H Circular HRL_021I HRL_021I

HRL_021J-I Circular HRL_021J HRL_021J

HRL_021K-J Circular HRL_021K HRL_021K

HRL_021L-I Circular HRL_021L HRL_021L

HRL_021M-L Circular HRL_021M HRL_021M

HRL_021N-M Circular HLR_021N HLR_021N

HRL_021O-N Circular HRL_021O HRL_021O

HRL_021P-O Circular HRL_021P HRL_021P

HRL_105A-B Circular HRL_105A HRL_105A

HRL_105AB-AD Circular HRL_105AB HRL_105AB

HRL_105AC-AD Circular HRL_105AC HRL_105AC

HRL_105AD-AE Circular HRL_105AD HRL_105AD

HRL_105AE-2-AE Circular HRL_105AE-2 HRL_105AE-2

HRL_105AE-AF Circular HRL_105AE HRL_105AE

HRL_105AF-AG Circular HRL_105AF HRL_105AF

HRL_105AF-AG.1 Circular - -

HRL_105AF-AV Circular HRL_105AF HRL_105AF

HRL_105AG-Y Circular HRL_105AG HRL_105AG

HRL_105AG-Y.1 Circular HRL_105AG HRL_105AG

HRL_105AH-AG Circular HRL_105AH HRL_105AH

HRL_105AI-AJ Circular HRL_105Y HRL_105Y

HRL_105AJ-AK Circular HRL_105AJ HRL_105AJ

HRL_105AK-AN Circular HRL_105AK HRL_105AK

HRL_105AL-AK Circular HRL_105AL HRL_105AL

HRL_105AM-AL Circular HRL_105AM HRL_105AM

HRL_105AM-AW Circular HRL_105AM HRL_105AM

HRL_105AN-AP Circular HRL_105AN HRL_105AN

HRL_105AO-AN Circular HRL_105AO HRL_105AO

HRL_105AP-AQ Circular HRL_105AP HRL_105AP

HRL_105AQ-AR Circular HRL_105AQ HRL_105AQ

HRL_105AR-T_ST_A Natural HRL_105AR -

HRL_105AR-T_ST_A.1 Natural HRL_105AR.1 -

HRL_105AS-AF Circular HRL_105AS HRL_105AS

HRL_105AT-AS Circular HRL_105AT HRL_105AT

HRL_105AU-AT Circular HRL_105AU HRL_105AU

HRL_105AV.1-AV.2 Circular HRL_105AV.2 HRL_105AV.2

HRL_105AV.2-Y.1 Rectangular HRL_105Y.1 -

HRL_105AV-AW Circular HTL_105AV HTL_105AV

HRL_105AV-AW.1 Circular HTL_105AV.1 HTL_105AV.1

HRL_105AW-AX Circular HRL_105AW HRL_105AW

HRL_105AW-AX.1 Circular HRL_105AW.1 -

HRL_105AX-AR Circular HRL_105AX HRL_105AX

HRL_105B-C Circular HRL_105B HRL_105B

HRL_105C-E Circular HRL_105C HRL_105C

HRL_105D-E Circular HRL_105D HRL_105D

HRL_105E-I Circular HRL_105E HRL_105E

HRL_105F-G Circular HRL_105F HRL_105F

HRL_105G-H Circular HRL_105G HRL_105G

HRL_105H-I Circular HRL_105H HRL_105H

NOTES PROJECT LINK NAME
SURFACE / 

SUBSURFACE LINK

UPSTREAM NODE EXISTING CONDITIONS ALTERNATIVE 1 (PCM)

- - -

39.4 39.3 39.2

- - -

- - -

ALTERNATIVE 2 (PCM)

WSEL25 (ft) WSEL25 (ft) WSEL25 (ft)

- - -

- - -

37.9 37.7 37.7

38.1 37.8 37.8

37.9 37.7 37.7

- - -

38.7 38.7 38.7

38.2 38.3 38.2

38.4 38.4 38.4

41.4 41.4 41.4

39.1 39.1 39.1

39.4 39.3 39.2

39.4 39.4 39.2

40.2 40.2 40.2

40.2 40.2 40.2

39.0 39.0 39.0

39.0 39.0 39.0

38.7 38.7 38.7

39.6 39.6 39.6

37.9 37.9 37.8

38.0 38.0 38.0

39.9 39.9 39.9

39.3 39.3 39.3

39.9 39.9 39.9

39.9 39.9 39.9

- - -

38.0 38.0 37.9

38.0 37.9 37.9

38.0 38.0 37.9

38.0 37.9 37.9

38.0 38.0 38.0

38.6 38.7 38.6

38.1 38.1 38.1

38.4 38.4 38.4

38.9 38.9 38.9

38.4 38.4 38.4

38.4 38.4 38.4

38.2 38.2 38.2

37.9 37.8 37.8

38.0 38.0 38.0

37.9 37.8 37.8

38.1 38.1 38.1

38.0 38.0 38.0

38.0 38.0 38.0

38.8 38.8 38.7

- - -

38.0 38.0 38.0

37.9 37.8 37.8

- - -

38.1 38.1 38.0

- - -

38.0 38.0 37.9

38.0 38.0 37.9

38.3 38.3 38.3

- - -

39.3 39.3 38.7

39.3 39.3 39.3

39.3 39.3 39.3

40.0 40.0 40.0

37.9 37.8 37.8

39.3 39.3 39.1

39.3 39.3 39.3

39.3 39.3 39.3

COMPARISON  (PCM3 - ECM)

WSEL25 (ft)

-

-

-

-

-0.02

0.00

0.00

0.01

0.01

0.00

0.00

-0.02

-0.02

0.00

0.00

0.10

0.00

-

0.00

-0.32

-0.30

-

-0.30

-0.42

-0.42

-0.83

-0.14

-0.20

-0.18

-0.39

-0.43

-0.40

-0.41

-

-0.41

0.00

0.00

0.00

0.00

-0.36

-0.41

-0.72

-

-0.41

-0.36

-0.48

-

-0.31

-

-

-0.42

-0.45

-0.05

-0.48

-0.46

-0.46

-0.31

-0.01

-0.31

-0.01

-0.01

-0.32

-0.04

-0.01

0.00

-0.61

-0.01

-

0.00

0.00

-0.04

-

-0.04

COMPARISON  (PCM2 - PCM1)

WSEL25 (ft)

-

-

-

-

-0.12

0.00

0.00

0.00

0.00

-0.01

-0.01

0.00

0.00

0.01

0.01

0.00

0.00

-0.15

-0.17

0.00

0.00

-0.06

0.00

0.00

0.00

0.00

-0.02

0.00

-0.02

-0.01

-0.01

-0.02

0.00

0.00

0.00

-0.01

-0.01

-0.01

-0.02

-

-0.02

-0.01

-0.17

0.00

0.00

-0.59

0.00

-0.01

-

-0.01

-0.01

0.00

-

-0.02

-

-

-0.01

-0.01

0.00

0.00

-0.01

- -

38.7 0.00

37.8 -0.33

-

- -

- -

39.4 -0.08

COMPARISON  (PCM1 - ECM)

WSEL25 (ft)

ALTERNATIVE 3 (PCM)

WSEL25 (ft)

- -

-

39.1 0.00

38.3 0.08

38.4 0.00

39.4 -0.05

39.4 -0.03

41.4 0.00

37.6 -0.14

- -

37.6 -0.13

39.9 0.00

39.9 0.00

39.9 0.00

39.0 0.00

40.2 0.00

40.2 0.00

38.7 0.00

39.6 0.00

39.0 0.00

37.6 -0.03

- -

37.6 -0.03

37.6 -0.04

37.6 -0.02

37.6 -0.03

39.3 0.00

37.6 -0.07

37.6 -0.02

37.6 -0.01

37.6 -0.01

37.6 -0.01

38.8 0.00

38.5 0.00

37.9 -0.01

38.0 -0.01

38.0 -0.01

37.6 -0.01

37.6 -0.03

37.6 -0.01

38.7 0.00

37.6 -0.10

- -

- -

37.6 -0.09

38.2 -0.01

37.6 -0.10

37.6 -0.07

39.2 -0.01

39.3 0.00

37.6 -0.02

37.6 -0.01

- -

37.6 -0.01

- -

37.6 -0.03

39.3 0.00

39.3 0.00

40.0 0.00

38.7 -0.02

39.3 0.00



TABLE 3: XPSWMM 2D HYDRAULIC COMPARISON (WATER SURF ACE ELEVATIONS)

1D NODE (.OUT)
2D NODE (HEAD 

SERIES)

NOTES PROJECT LINK NAME
SURFACE / 

SUBSURFACE LINK

UPSTREAM NODE EXISTING CONDITIONS ALTERNATIVE 1 (PCM) ALTERNATIVE 2 (PCM)

WSEL25 (ft) WSEL25 (ft) WSEL25 (ft)

COMPARISON  (PCM3 - ECM)

WSEL25 (ft)

COMPARISON  (PCM2 - PCM1)

WSEL25 (ft)

COMPARISON  (PCM1 - ECM)

WSEL25 (ft)

ALTERNATIVE 3 (PCM)

WSEL25 (ft)

HRL_105I-N Circular HRL_105I HRL_105I

HRL_105J-M Circular HRL_105J HRL_105J

HRL_105K-L Circular HRL_105K HRL_105K

HRL_105L-M Circular HRL_105L HRL_105L

HRL_105M-I Circular HRL_105M HRL_105M

HRL_105N-O Circular HRL_105N HRL_105N

HRL_105O-P Circular HRL_105O HRL_105O

HRL_105P-Q Circular HRL_105P HRL_105P

HRL_105P-U Circular HRL_105U HRL_105U

HRL_105Q-T Circular HRL_105Q HRL_105Q

HRL_105R-Q Circular HRL_105R HRL_105R

HRL_105S-AH Circular HRL_105S HRL_105S

HRL_105S-R Circular HRL_105S HRL_105S

HRL_105T-Y Circular HRL_105T HRL_105T

HRL_105U-V Circular HRL_105U HRL_105U

HRL_105V-Y Circular HRL_105V HRL_105V

HRL_105W-V Circular HRL_105W HRL_105W

HRL_105X.1-X Circular HRL_105X.1 HRL_105X.1

HRL_105X-W Circular HRL_105X HRL_105X

HRL_105Y-AI Circular HRL_105AI HRL_105AI

HRL_105Y-Y.1 Circular HRL_105Y HRL_105Y

HRL_20-225AM Circular HRL_20 -

HRL_224AA-Z Circular HRL_224AA -

HRL_224A-B Circular HRL_224A -

HRL_224AB-AA Circular HRL_224AB -

HRL_224A-C Circular HRL_224B -

HRL_224AE-AD Circular HRL_224AE -

HRL_224AF-AE Circular HRL_224AF -

HRL_224E-D Circular HRL_224E -

HRL_224F-E Circular HRL_224F -

HRL_224G-F Circular HRL_224G -

HRL_224J-I Circular HRL_224J -

HRL_224K-J Circular HRL_224K -

HRL_224KW-V Circular HRL_224W -

HRL_224N-M Circular HRL_224N -

HRL_224O-N Circular HRL_224O -

HRL_224P-O Circular HRL_224P -

HRL_224Q-P Circular HRL_224Q -

HRL_224R-Q Circular HRL_224R -

HRL_224T-S Circular HRL_224T -

HRL_224X-W Circular HRL_224X -

HRL_225AA-AB Circular HRL_225AA HRL_225AA

HRL_225A-B Circular HRL_225A HRL_225A

HRL_225AB.2-236D.1 Circular - -

HRL_225AB-AC Circular HRL_225AB HRL_225AB

HRL_225AB-AC.1 Circular HRL_225AB.1 -

HRL_225AC-AD Circular HRL_225AC HRL_225AC

HRL_225AC-AD.1 Circular HRL_225AC.1 -

HRL_225AD-AE Circular HRL_225AD HRL_225AD

HRL_225AE-AF Circular HRL_225AE HRL_225AE

HRL_225AF-AG Circular HRL_225AF HRL_225AF

HRL_225AG-AH Circular HRL_225AG HRL_225AG

HRL_225AH-AH.1 Circular HRL_225AH HRL_225AH

HRL_225AI-AJ Circular HRL_225AI HRL_225AI

HRL_225AJ-AK Circular HRL_225AJ HRL_225AJ

HRL_225AK.1-019E Circular HRL_225AK.1 HRL_225AK.1

HRL_225AK.1-P Circular HRL_225AK.1 HRL_225AK.1

HRL_225AK-019A.2.1 Circular HRL_225AK HRL_225AK

HRL_225AK-AL Rectangular HRL_225AK HRL_225AK

HRL_225AK-AL.1 Rectangular HRL_225AK.1 HRL_225AK.1

HRL_225AK-AL.2 Rectangular HRL_225AK.2 HRL_225AK.2

HRL_225AL.1-T_ST_C Circular HRL_225AL.1 HRL_225AL.1

HRL_225AL-AM Rectangular HRL_225AL HRL_225AL

HRL_225AL-AM.1 Rectangular HRL_225AL.1 HRL_225AL.1

HRL_225AM-AN Rectangular HRL_225AM HRL_225AM

HRL_225AN-AO Rectangular HRL_225AN HRL_225AN

HRL_225AO.1-AO Circular HRL_225AO.1 HRL_225AO.1

39.0 39.0 38.9

39.0 39.0 38.9

39.2 39.2 39.1

39.3 39.3 39.3

39.1 39.1 39.1

38.9 38.9 38.9

39.2 39.1 38.8

39.0 39.0 39.0

39.3 39.3 39.3

39.2 39.2 39.1

39.1 39.1 39.1

39.4 39.4 39.4

38.4 38.4 38.4

39.0 39.0 39.0

38.5 38.5 38.5

38.4 38.4 38.4

38.9 38.9 38.9

- - -

39.2 39.2 39.2

38.9 38.9 38.9

39.1 39.1 39.1

39.0 39.0 39.0

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

40.9 40.9 40.9

- - -

39.8 39.7 39.5

- - -

- - -

40.6 40.6 40.6

39.2 39.2 39.2

39.7 39.7 39.7

40.0 40.0 40.0

40.1 40.1 40.1

39.7 39.7 39.7

- - -

37.9 37.7 37.7

39.1 38.7 38.7

39.3 39.3 39.3

37.9 37.7 37.7

39.5 39.5 39.5

39.2 39.2 39.2

37.9 37.7 37.7

37.8 37.6 37.6

39.9 39.9 39.9

37.8 37.6 37.6

39.1 38.7 38.7

37.9 37.7 37.7

39.4 39.3 39.2

37.7 37.6 37.6

37.5 37.4 37.4

0.00

-0.10

-0.32

-0.03

-0.16

-0.04

-0.10

0.00

-0.23

-0.23

-

-

-

-

-

-

-0.17

0.07

0.00

-0.18

-0.14

-

-0.01

-0.84

-0.84

-0.09

-0.16

-0.11

-

0.00

-0.01

-

0.00

-

-

-

-

-

-

-

-

-

-

-

-

-

-0.22

-0.29

0.00

-0.27

-0.29

-0.27

0.00

0.00

0.00

-0.29

-0.29

-0.22

0.00

-

0.00

0.00

0.00

0.00

-0.31

-0.17

-0.02

0.00

-0.02

-0.02

-0.01

0.00

0.00

0.00

-0.09

-0.31

-0.03

0.00

-0.01

-0.09

0.00

-0.11

-0.11

-

-

-

-

-

-

-

-

-

-

-

-

0.00

0.00

0.00

0.00

0.00

-

0.00

-

0.00

0.00

0.00

0.00

-

0.00

-0.28

-

0.00

-

-

-

-

-

-

-

-0.02

-0.02

-0.15

0.00

-0.04

0.00

-0.03

-0.04

-0.03

0.00

0.00

0.00

-0.04

-0.04

0.00

39.3 0.00

38.8 -0.01

38.8 -0.01

39.1 -0.01

38.5 0.00

37.6 -0.01

37.6 -0.01

39.0 -0.01

38.9 0.00

38.9 0.00

39.3 0.00

39.1 -0.01

38.8 -0.02

38.7 0.00

38.8 0.00

- -

38.9 0.00

39.1 0.00

39.2 0.00

38.9 0.00

38.9 0.00

39.3 0.00

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

39.7 0.00

- -

40.0 0.00

- -

40.9 0.00

- -

- -

40.6 0.00

39.8 -0.04

37.6 -0.13

37.6 -0.13

38.9 -0.38

39.5 0.00

39.2 0.00

39.3 0.00

40.1 0.00

39.2 0.00

39.7 0.00

37.4 -0.09

37.3 -0.08

39.4 -0.05

37.5 -0.12

37.6 -0.13

37.5 -0.12

38.9 -0.38

37.6 -0.13

39.9 0.00



TABLE 3: XPSWMM 2D HYDRAULIC COMPARISON (WATER SURF ACE ELEVATIONS)

1D NODE (.OUT)
2D NODE (HEAD 

SERIES)

NOTES PROJECT LINK NAME
SURFACE / 

SUBSURFACE LINK

UPSTREAM NODE EXISTING CONDITIONS ALTERNATIVE 1 (PCM) ALTERNATIVE 2 (PCM)

WSEL25 (ft) WSEL25 (ft) WSEL25 (ft)

COMPARISON  (PCM3 - ECM)

WSEL25 (ft)

COMPARISON  (PCM2 - PCM1)

WSEL25 (ft)

COMPARISON  (PCM1 - ECM)

WSEL25 (ft)

ALTERNATIVE 3 (PCM)

WSEL25 (ft)

HRL_225AO.2-AO.1 Circular HRL_225AO.2 HRL_225AO.2

HRL_225AO.3-AO.2 Circular HRL_225AO.3 HRL_225AO.3

HRL_225AO-N Circular HRL_225AO HRL_225AO

HRL_225AP-AL.1 Circular HRL_225AP HRL_225AP

HRL_225B-C Circular HRL_225B HRL_225B

HRL_225C-D Circular HRL_225C HRL_225C

HRL_225D-V Circular HRL_225D HRL_225D

HRL_225E-D Circular HRL_225E HRL_225E

HRL_225F-105D Circular HRL_225F HRL_225F

HRL_225F-E Circular HRL_225F HRL_225F

HRL_225G-D Circular HRL_225G HRL_225G

HRL_225H-G Circular HRL_225H HRL_225H

HRL_225I-G Circular HRL_225I HRL_225I

HRL_225J-I Circular HRL_225J HRL_225J

HRL_225K-J Circular HRL_225K HRL_225K

HRL_225L-K Circular HRL_225L HRL_225L

HRL_225M-I Circular HRL_225M HRL_225M

HRL_225N-021A Circular HRL_225N HRL_225N

HRL_225N-M Circular HRL_225N HRL_225N

HRL_225O-N Circular HRL_225O HRL_225O

HRL_225P-O Circular HRL_225P HRL_225P

HRL_225Q-P Circular HRL_225Q HRL_225Q

HRL_225R.1-R.2 Circular HRL_225R.1 HRL_225R.1

HRL_225R.2-D.3 Circular HRL_225R.2 HRL_225R.2

HRL_225R-Q Circular HRL_225R HRL_225R

HRL_225R-R.1 Circular HRL_225R HRL_225R

HRL_225S-P Circular HRL_225S HRL_225S

HRL_225T-AO.4 Circular HRL_225T HRL_225T

HRL_225T-S Circular HRL_225T HRL_225T

HRL_225U-T Circular HRL_225U HRL_225U

HRL_225V-W Circular HRL_225V HRL_225V

HRL_225W-X Circular HRL_225W HRL_225W

HRL_225X-Y Circular HRL_225X HRL_225X

HRL_225Y-Z Circular HRL_225Y HRL_225Y

HRL_225Z-AA Circular HRL_225Z HRL_225Z

HRL_236A-B Circular HRL_236A HRL_236A

HRL_236B-C Circular HRL_236B HRL_236B

HRL_236C-D Circular HRL_236C HRL_236C

HRL_236D.1-D.2 Circular - -

HRL_236D-E Circular HRL_236D HRL_236D

HRL_236D-E.1 Circular HRL_236D.1 HRL_236D.1

HRL_236D-E.1.1 Circular HRL_236D.1.1 HRL_236D.1.1

HRL_236D-E.1.2 Circular HRL_236D.1.2 -

HRL_236D-E.2 Circular HRL_236D.3 -

HRL_236E-F Circular HRL_236E HRL_236E

HRL_236F.2-F.1 Circular HRL_236F.2 HRL_236F.2

HRL_236F-F.1 Circular HRL_236F.1 HRL_236F.1

HRL_236F-G Circular HRL_236F HRL_236F

HRL_236G-I Circular HRL_236G HRL_236G

HRL_236H-G Circular HRL_236H HRL_236H

HRL_236I-L Circular HRL_236I HRL_236I

HRL_236J-I Circular HRL_236J HRL_236J

HRL_236K-J Circular HRL_236K HRL_236K

HRL_236L-M Circular HRL_236L HRL_236L

HRL_236M-N Circular HRL_236M HRL_236M

HRL_236N-O Circular HRL_236N HRL_236N

HRL_236O-P Circular HRL_236O HRL_236O

HRL_236P-Q Circular HRL_236P HRL_236P

HRL_236Q-R Circular HRL_236Q HRL_236Q

HRL_236Q-T Circular HRL_236Q HRL_236Q

HRL_236R-S Circular HRL_236R HRL_236R

HRL_236S-225AK Circular HRL_236S HRL_236S

HRL_236T-U Circular HRL_236T HRL_236T

HRL_236U-S Circular HRL_236U HRL_236U

HRL_241A-B Circular HRL_241A -

HRL_241B-C Circular HRL_241B -

HRL_241D-E Circular HRL_241D -

39.4 39.3 39.2

39.4 39.3 39.2

39.4 39.3 39.2

39.8 39.8 39.4

39.8 39.7 39.3

39.8 39.7 39.5

39.8 39.8 39.4

37.8 37.6 37.6

39.8 39.8 39.5

39.5 39.5 39.2

39.5 39.5 39.2

39.7 39.7 39.5

39.6 39.6 39.3

39.8 39.7 39.3

39.7 39.6 39.3

39.4 39.3 39.2

39.4 39.3 39.1

39.4 39.3 39.2

39.4 39.3 39.2

39.4 39.3 38.8

39.4 39.3 39.2

39.4 39.3 38.8

39.4 39.2 38.9

39.4 39.3 38.7

39.4 39.3 38.8

39.4 39.3 38.8

39.4 39.3 38.8

39.8 39.8 39.1

40.4 40.4 40.4

39.5 39.5 39.5

39.8 39.8 39.4

39.4 39.3 39.2

39.4 39.3 39.2

39.4 39.2 38.9

- - -

39.4 39.2 38.9

39.4 39.2 38.9

41.5 41.5 41.5

40.8 40.8 40.8

- - -

39.3 38.5 38.0

39.3 38.6 37.9

- - -

39.4 39.1 38.8

39.3 38.8 38.4

39.3 38.3 38.0

39.2 38.7 38.7

39.3 38.4 38.3

39.3 38.3 37.9

39.3 38.6 38.6

39.3 38.3 38.3

39.2 38.3 38.3

39.2 38.2 37.9

39.2 38.0 38.0

39.2 38.2 37.9

39.3 38.2 38.2

39.3 38.0 38.0

39.1 38.5 38.5

38.8 38.8 38.8

39.1 38.2 37.9

39.1 38.2 37.9

39.1 38.2 37.9

39.1 38.2 37.9

- - -

- - -

39.5 39.5 39.5

- - -

-0.02

-0.01

-0.01

-0.02

-0.01

-0.02

-0.27

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

0.00

-0.02

-0.02

0.00

-0.03

-0.03

-0.03

-0.03

-0.03

-0.03

-0.03

-0.03

-0.02

-0.02

-0.02

-0.03

-0.06

-0.06

-0.05

-0.06

-0.06

-0.07

-0.03

-0.04

-0.05

-

-

-0.05

0.00

0.00

-0.03

-0.03

-0.03

-

0.00

-

-

-

-0.17

-0.19

-0.19

-0.19

-0.23

0.00

-0.06

-0.06

-0.09

-0.14

-0.15

-0.15

-0.14

-0.13

-0.15

-0.49

-0.15

-0.15

-0.15

-0.15

-0.17

-0.40

-0.32

-0.14

-0.30

-0.28

-0.28

-0.03

-0.22

-0.20

-0.37

-0.39

-0.40

0.00

0.00

-0.27

-0.27

-0.28

-

-0.12

-0.12

0.00

-0.39

-0.69

0.00

-0.49

-0.50

-0.54

-0.49

-0.49

-0.25

0.00

0.00

0.00

-0.33

0.00

-0.33

0.00

0.00

-0.11

-0.42

-0.33

0.00

-0.30

-0.47

-0.68

-

-

-0.50

0.00

-

-

-

-0.32

-0.32

-0.32

-0.32

0.00

0.00

39.8 -0.05

39.8 -0.05

39.7 -0.04

37.5 -0.12

39.8 -0.04

39.8 -0.04

39.4 -0.06

39.4 -0.07

39.4 -0.05

39.4 -0.11

39.4 -0.05

39.4 -0.05

39.6 -0.04

39.5 -0.03

39.5 -0.06

39.7 -0.04

39.7 -0.03

39.7 -0.03

39.4 -0.11

39.4 -0.11

39.3 -0.19

39.4 -0.11

39.4 -0.11

39.4 -0.12

39.4 -0.05

39.4 -0.05

39.4 -0.12

41.5 0.00

40.8 0.00

39.3 -0.17

39.8 -0.05

39.8 -0.06

40.4 0.00

39.4 -0.08

39.4 -0.08

39.5 0.00

- -

- -

39.2 -0.75

39.3 -0.21

39.3 -0.46

39.2 -0.69

39.3 -0.17

39.3 -0.19

- -

39.2 -1.07

39.2 -1.28

39.1 -1.19

39.2 -0.93

39.2 -0.93

39.2 -0.58

39.2 -0.68

39.2 -0.93

39.2 -0.83

38.9 -0.90

38.9 -0.59

38.8 0.00

39.0 -0.91

38.9 -0.90

38.9 -0.90

39.0 -0.91

39.0 -0.82

39.0 -0.92

- -

39.5 0.00

- -

- -



TABLE 3: XPSWMM 2D HYDRAULIC COMPARISON (WATER SURF ACE ELEVATIONS)

1D NODE (.OUT)
2D NODE (HEAD 

SERIES)

NOTES PROJECT LINK NAME
SURFACE / 

SUBSURFACE LINK

UPSTREAM NODE EXISTING CONDITIONS ALTERNATIVE 1 (PCM) ALTERNATIVE 2 (PCM)

WSEL25 (ft) WSEL25 (ft) WSEL25 (ft)

COMPARISON  (PCM3 - ECM)

WSEL25 (ft)

COMPARISON  (PCM2 - PCM1)

WSEL25 (ft)

COMPARISON  (PCM1 - ECM)

WSEL25 (ft)

ALTERNATIVE 3 (PCM)

WSEL25 (ft)

HRL_241E-F Circular HRL_241E -

HRL_241G-H Circular HRL_241G -

HRL_241H-I Circular HRL_241H -

HRL225AB.1-AB.2 Circular - -

Inlet-Pond Circular - -

Lafayette-Inflow Circular HRL_105AQ HRL_105AQ

Link791 Circular - -

Link792 Circular - -

Link805 Circular - -

Link806 Circular - -

Lozano-Inflow Circular HRL_019E HRL_019E

Lozano-LSt. Circular LozanoPond-West -

LozanoN-Inflow Circular HRL_236Q HRL_236Q

LozanoN-Outflow Circular LozanoPond-North -

LozanoS-Inflow Circular HRL_225AI HRL_225AI

LozanoS-Outflow Circular LozanoPond-South -

LozanoW-Inflow Circular HRL_236D.1.2 -

LozanoW-Outflow Circular LozanoPond-West -

LStPond-Inflow Circular HRL_225AB HRL_225AB

LStPond-Outflow Circular LStPond -

NortheastPond_HRL_019B Circular - -

NRS_1-HRL_019C Circular - -

NRS_1-HRL_105AN Circular - -

SSD_1-HRL_105AR.1 Circular - -

SSD_2-4 Circular - -

SSD_2-SSD_1 Circular - -

SSD_3-SSD_1 Circular - -

SSD_4-HRL_019C.1 Circular - -

T_ST_A-B Natural T_ST_A -

T_ST_A-B.1 Natural T_ST_A.1 -

T_ST_A-B.2 Circular T_ST_A.2 -

T_ST_B-C Circular T_ST_B -

T_ST_C-D Natural T_ST_C -

T_ST_C-D.1 Natural T_ST_C.1 -

T_ST_C-D.2 Rectangular T_ST_C.2 -

T_ST_D-I Circular T_ST_D -

TSt.-Inflow Circular HRL_105AX HRL_105AX

TSt.Pond-Inflow Circular - -

TSt.Pond-Inflow2 Circular - -

TSt.Pond-Outflow Circular - -

TSt.RDF-Outflow Circular T St. RDF -

- - -

- - -

- - -

- - -

- - -

37.9 37.8 37.8

- - -

- - -

39.1 38.2 37.9

- - -

37.9 37.7 37.7

- - -

- - -

- - -

40.9 40.9 40.9

- - -

- - -

- - -

39.2 39.2 39.2

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

37.9 37.8 37.8

- - -

- - -

- - -

- - -

-

-

-

-

-

0.00

-

-

-

0.00

-

-

-

-0.30

-

-0.19

-

-

-

-

-0.31

-

-

-

-

-

-

-

-

-

-0.32

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-0.02

-

-

-

-

-

-

-

-

-

-

-

-

-

0.00

-

-

-

0.00

-

-

-

-0.04

-

-0.32

-

-

-

-

-

-

-

-

-0.01

-

-

-

-

- -

- -

- -

- -

- -

- -

38.9 -0.90

- -

- -

- -

37.6 -0.13

37.6 -0.10

- -

- -

- -

- -

- -

- -

40.9 0.00

- -

39.2 0.00

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

37.6 -0.07

- -

- -

- -

- -



TABLE 4.  PCM (PROJECT 1) OPINION OF PROBABLE COST

ITEM NO. DESCRIPTION UNIT QUANTITY UNIT COST COST
1 ROW PREP STA 44 5,500.00$      242,000$                      
2 REPAVING SY 8000 90.00$            720,000$                      
3 CL A CONC (PLUG) EA 2 915.00$          2,000$                          
4 CONC BOX CULV (5 FT X 3 FT) LF 982 295.00$          290,000$                      
5 CONC BOX CULV (6 FT X 3 FT) LF 123 354.00$          44,000$                        
6 CONC BOX CULV (8 FT X 4 FT) LF 2868 495.00$          1,420,000$                   
7 RC PIPE (CL III) (24 IN) LF 70 80.00$            6,000$                          
8 RC PIPE (CL III) (30 IN) LF 552 98.00$            55,000$                        
9 RC PIPE (CL III) (36 IN) LF 10 130.00$          2,000$                          
10 RC PIPE (CL III) (42 IN) LF 50 155.00$          8,000$                          
11 JCTBOX(COMPL)(PJB)(6FTX6FT) EA 3 9,600.00$      29,000$                        
12 JCTBOX(COMPL)(PJB)(8FTX8FT) EA 1 12,100.00$    13,000$                        
13 MANH (COMPL)(TY B) EA 2 9,800.00$      20,000$                        
14 INLET (COMPL)(CURB)(TY 2)(5') EA 4 6,000.00$      24,000$                        
15 MANH (COMPL)(RISER ONLY) EA 2 2,205.00$      5,000$                          
16 JCT BOX (CIP)(SPL)(COMPL)(12FTX10FT) EA 14 54,700.00$    766,000$                      
17 HEADWALL (CH - FW - 0) (DIA= 42 IN) EA 1 7,000.00$      7,000$                          
18 HEADWALL (CH - FW - 15) (DIA= 24 IN) EA 1 7,300.00$      8,000$                          
19 HEADWALL (CH - FW - 15) (DIA= 36 IN) EA 1 6,400.00$      7,000$                          
20 WINGWALL (FW - S) (HW=8 FT) EA 1 21,000.00$    21,000$                        
21 REMOV STR (MANHOLE) EA 20 880.00$          18,000$                        
22 REMOVE STR (PIPE) LF 3904 17.50$            69,000$                        
23 REMOVE STR (JUNCTION BOX) EA 2 820.00$          2,000$                          
24 EXCAVATION & HAULING (PONDS) CY 223000 12.00$            2,676,000$                   

6,454,000.00$             
645,400.00$                
322,700.00$                

1,936,200.00$             
9,358,300.00$             

CONSTRUCTION SUBTOTAL
ENGINEERING AND GEOTECHNICAL (10%)
MOBILIZATION & TRAFFIC CONTROL (5%)

CONTINGENCY (30%)
CONSTRUCTION TOTAL



TABLE 5.  PCM (PROJECT 2) OPINION OF PROBABLE COST

ITEM 
NO. 

DESCRIPTION UNIT QUANTITY UNIT COST COST
2 ROW PREP STA 127 5,500.00$      699,000$                        
3 REPAVING SY 20288 90.00$           1,826,000$                     
4 FLAP GATE (60" STEEL) EA 1 100,000.00$  100,000$                        
5 CL A CONC (PLUG) EA 5 915.00$         5,000$                            
6 CONC BOX CULV (6 FT X 3 FT) LF 628 354.00$         223,000$                        
7 CONC BOX CULV (6 FT X 4 FT) LF 602 400.00$         241,000$                        
8 CONC BOX CULV (8 FT X 4 FT) LF 460 495.00$         228,000$                        
9 CONC BOX CULV (8 FT X 5 FT) LF 2800 500.00$         1,400,000$                     
10 RC PIPE (CL III) (30 IN) LF 1305 98.00$           128,000$                        
11 RC PIPE (CL III) (36 IN) LF 3655 130.00$         476,000$                        
12 RC PIPE (CL III) (42 IN) LF 1154 155.00$         179,000$                        
13 RC PIPE (CL III) (48 IN) LF 2102 185.00$         389,000$                        
14 JCTBOX(COMPL)(PJB)(8FTX8FT) EA 8 12,100.00$    97,000$                          
15 MANH (COMPL)(TY B) EA 12 9,800.00$      118,000$                        
16 MANH (COMPL)(RISER ONLY) EA 12 2,205.00$      27,000$                          
17 JCT BOX (CIP)(SPL)(COMPL)(12FTX10FT)EA 6 54,700.00$    329,000$                        
18 JCT BOX (CIP)(SPL)(COMPL)(20FTX6FT)EA 4 104,000.00$  416,000$                        
19 HEADWALL (CH - FW - 15) (DIA= 48 IN) EA 3 11,500.00$    35,000$                          
20 WINGWALL (FW - S) (HW=8 FT) EA 2 20,900.00$    42,000$                          
21 REMOV STR (MANHOLE) EA 28 880.00$         25,000$                          
22 REMOVE STR (PIPE) LF 4889 17.50$           86,000$                          
23 REMOVE STR (JUNCTION BOX) EA 2 820.00$         2,000$                            
24 EXCAVATION & HAULING (PONDS) CY 323173 12.00$           3,879,000$                     

10,950,000.00$              
1,095,000.00$                

547,500.00$                   
3,285,000.00$                

15,877,500.00$              

CONSTRUCTION SUBTOTAL
ENGINEERING AND GEOTECHNICAL (10%)
MOBILIZATION & TRAFFIC CONTROL (5%)

CONTINGENCY (30%)
CONSTRUCTION TOTAL



TABLE 6: PCM (PROJECT 3) OPINION OF PROBABLE COST

ITEM NO. DESCRIPTION UNIT QUANTITY UNIT COST COST
1 PROPERTY ACQUISITION AC 25 8,248.00$      586,000$                       
2 ROW PREP STA 189 5,500.00$      1,038,000$                    
3 REPAVING SY 33543 90.00$           3,019,000$                    
4 CL A CONC (PLUG) EA 2 915.00$         2,000$                           
5 CONC BOX CULV (5 FT X 3 FT) LF 982 295.00$         290,000$                       
6 CONC BOX CULV (6 FT X 3 FT) LF 123 354.00$         44,000$                         
7 CONC BOX CULV (8 FT X 4 FT) LF 2868 495.00$         1,420,000$                    
8 RC PIPE (CL III)(18 IN) LF 50 62.00$           4,000$                           
9 RC PIPE (CL III) (24 IN) LF 438 80.00$           36,000$                         
10 RC PIPE (CL III) (30 IN) LF 2839 98.00$           279,000$                       
11 RC PIPE (CL III) (36 IN) LF 9848 130.00$         1,281,000$                    
12 RC PIPE (CL III) (42 IN) LF 50 155.00$         8,000$                           
13 RC PIPE (CL III) (48 IN) LF 1670 185.00$         310,000$                       
14 JCTBOX(COMPL)(PJB)(6FTX6FT) EA 3 9,600.00$      29,000$                         
15 JCTBOX(COMPL)(PJB)(8FTX8FT) EA 3 12,100.00$    37,000$                         
16 MANH (COMPL)(TY B) EA 10 9,800.00$      98,000$                         
17 INLET (COMPL)(CURB)(TY 2)(5') EA 18 6,000.00$      108,000$                       
18 MANH (COMPL)(RISER ONLY) EA 10 2,205.00$      23,000$                         
19 JCT BOX (CIP)(SPL)(COMPL)(12FTX10FT) EA 29 54,700.00$    1,587,000$                    
20 HEADWALL (CH - FW - 0) (DIA= 42 IN) EA 1 7,000.00$      7,000$                           
21 HEADWALL (CH - FW - 15) (DIA= 18 IN) EA 1 2,400.00$      3,000$                           
22 HEADWALL (CH - FW - 15) (DIA= 24 IN) EA 5 7,300.00$      37,000$                         
23 HEADWALL (CH - FW - 15) (DIA= 36 IN) EA 5 6,400.00$      32,000$                         
24 WINGWALL (FW - S) (HW=8 FT) EA 1 20,900.00$    21,000$                         
25 REMOV STR (MANHOLE) EA 47 880.00$         42,000$                         
26 REMOVE STR (PIPE) LF 4915 17.50$           87,000$                         
27 REMOVE STR (JUNCTION BOX) EA 5 820.00$         5,000$                           
28 EXCAVATION (PONDS) CY 276710 12.00$           3,321,000$                    

13,754,000.00$             
1,375,400.00$               

687,700.00$                  
4,126,200.00$               

19,943,300.00$             

ENGINEERING AND GEOTECHNICAL (10%)
MOBILIZATION & TRAFFIC CONTROL (5%)

CONTINGENCY (30%)
CONSTRUCTION TOTAL

CONSTRUCTION SUBTOTAL
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Community Name Community 
Number 

Community Name Community 
Number 

Bayview, Town of 480102 Palm Valley, City of * 481580 

Brownsville, City of 480103 Port Isabel, City of 480109 

Cameron County 
(Unincorporated  Areas) 480101 

Primera, Town of * 481198 

Rancho Viejo, Town of 481646 

Combes, Town of 480104 Rangerville, Town of 480110 

Harlingen, City of 485477 Rio Hondo, City of 480112 

Indian Lake, Town of 481695 San Benito, City of 480113 

La Feria, City of 480106 Santa Rosa, City of 480114 

Laguna Vista, Town of 485483 South Padre Island, City of 480115 

Los Fresnos, City of 480108   

Los Indios, City of 480105   

* No Special Flood Hazards Identified 

Cameron County 
 

FLOOD INSURANCE STUDY NUMBER 
48061CV001A 

EFFECTIVE DATE 
FEBRUARY 16, 2018 

Cameron County 
 





 

San Benito; August 19, 1986 for the City of Los Fresnos; September 15, 1983, 
March 18, 1991, May 4, 1992 and March 9, 1999 for the unincorporated Areas of 
Cameron County. As indicated above, it is expected that affected flood hazard 
data within the subject area could be significantly revised. This may result in 
floodplain boundary changes, 1-percent-annual-chance flood elevation changes, 
and/or changes to flood hazard zone designations. 

The effective FIRM panels (and the FIS report) will again be revised at a later 
date to update the flood hazard information associated with the IBWC levees 
when FEMA is able to initiate and complete a new flood risk project to apply the 
updated levee analysis and mapping procedures. 

Initial Countywide FIS Effective Date:  February 16, 2018 
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This FIS was prepared to include the unincorporated areas and incorporated communities 
within Cameron County into a countywide FIS. Information on the authority and 
acknowledgments for each of these studies, compiled from their previous effective 
narratives, is shown below. 

Brownsville, 
City of 

The June 1978 study was conducted by Lockwood, Andrews and 
Newnam, Inc., at the request of the Federal Insurance 
Administration (FIA), U. S. Department of Housing and Urban 
Development (Reference 1). Authority and financing are 
contained in Contract No. H-1900 between the contractor and the 
FIA. 

Cameron County 
(Unincorporated Areas) 

In the original study, the hydrologic and hydraulic analyses 
were prepared by Lockwood, Andrews, and Newnam, Inc. for 
FEMA, under Contract No. H-1900. The work for the original 
study was completed in February 1973. The hydrologic and 
hydraulic analyses for the Gulf of Mexico and Laguna Madre 
were prepared by Dewberry & Davis in November 1976. For 
the 1980 coastal hazard analyses, stillwater elevations were 
computed by Roy F. Weston, Inc., for FEMA, under Contract 
No. H-4789. That work was completed in March 1980. The 
wave height analysis was prepared by Bernard Johnson, Inc. 
under agreement with FEMA. 

In the March 1999 restudy, a revised hydraulic analysis and 
erosion analysis were prepared by Dewberry & Davis, for 
FEMA, under Contract No. EMW89-C-2906 (Reference 2). 
This work was completed in December 1989. 

Harlingen, City of The hydrologic and hydraulic analyses for the February 3, 1981 
study were performed by Roy F. Weston, Inc., for the FIA, under 
Contract No. H-4789 (Reference 3). This work was completed in 
October 1979.  Survey and topographic data for this study were 
collected and compiled by Urban Engineering, Corpus Christi, Texas, 
under subcontract to Roy F. Weston, Inc. 

Laguna Vista, Town of 

 

No authority and acknowledgement information available.  

Port Isabel, City of The September 1975 study was conducted by Turner, Collie & 
Braden, Inc., Consulting Engineers, Houston, Texas, at the 
request of the FIA, U. S. Department of Housing and Urban 
Development. Authority and financing is contained in Contract 
No. H-3695 between the Contractor and the FIA (Reference 4). 

Rio Hondo, City of The hydrologic and hydraulic analyses for the December 1, 
1980 study were performed by Roy F. Weston, Inc., for the 
FIA, under Contract No. H-4789 (Reference 5). This work was 
completed in December 1979. Survey and topographic data 
were collected and compiled by Urban Engineers, Corpus 
Christi, Texas, under subcontract to Roy F. Weston, Inc. 
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San Benito, City of The hydrologic and hydraulic analyses for the November 5, 
1980 study were performed by Roy F. Weston Inc. for the FIA, 
under Contract No. H-4789 (Reference 6). This study was 
completed in September 1979. The Flood Hazard Boundary 
Map (FHBM) for the City of San Benito was published on 
November 5, 1976 by the FIA. The City of San Benito was in 
agreement with that FHBM. 

Santa Rosa, City of The hydrologic and hydraulic analyses for the November 1980 
study were performed by Roy F. Weston, Inc., for the FIA, 
under Contract No. H-4789 (Reference 7). This study was 
completed in September 1979. The FHBM for the City of Santa 
Rosa was published on May 17, 1974 by the FIA, and revised 
on April 2, 1976. The City of Santa Rosa was in agreement 
with that FHBM. 

South Padre Island, 
City of 

The hydrologic and hydraulic analyses for the original May 2, 
1991 study were prepared by Roy F. Weston, Inc., for the 
FEMA, under Contract No. H-4789 (Reference 8). That work 
was completed in March 1980.  The wave-height analysis in the 
original study was prepared by Bernard Johnson, Inc., for 
FEMA. Field-survey data for the original study were collected 
and compiled by Urban Engineers, of Corpus Christi, under 
subcontract from Roy F. Weston, Inc. 

Dewberry & Davis prepared a revised hydraulic analysis and an 
erosion analysis for FEMA using data from surveys conducted 
by Corona Engineering & Surveying and Quilio Engineering 
Company. Dewberry & Davis also prepared topographic 
mapping from aerial photography. That work was completed in 
October 1989. 

The hydrologic and hydraulic analyses for the March 9, 1999 
restudy were performed by Espey, Huston, and Associates, Inc., 
for FEMA, under Contract No. EMT-95-C-0299 (Reference 9). 
This restudy was completed in October 1996. 

There are no previous FIS or FIRMs for the Cities of La Feria, Los Indios, and Palm 
Valley and the Towns of Bayview, Combes, Indian Lake, Primera, Rancho Viejo, and 
Rangerville; and no previous FIS for the City of Los Fresnos; therefore the previous 
authority and acknowledgement information for these communities is not included in this 
FIS.   
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Table 3: Letters of Map Change (LOMCs) 

Case Number 
Effective 

Date Flooding Source Community Panel 

99-06-1294P 7/26/1999 Shallow Flooding Cameron County 
(Unincorporated Areas) 48061C0475F 

03-06-106A 12/6/2002 Ponding City of Harlingen 48061C0265F 
48061C0270F 

03-06-1549P 6/24/2003 Tributary 3 to Arroyo 
Colorado 

Cameron County 
(Unincorporated Areas) 48061C0265F 

04-06-A123A 9/24/2004 Horseshoe Lake City of Harlingen 48061C0265F 

08-06-0829A 3/4/2008 Ponding Cameron County 
(Unincorporated Areas) 48061C0595F 

09-06-1474A 5/19/2009 Shallow Flooding Cameron County 
(Unincorporated Areas) 48061C0595F 

 

2.2 Community Description 

Cameron County is the southernmost county in Texas.  It is bordered by Hidalgo County 
to the west, Willacy County to the north, the Gulf of Mexico to the east, and Mexico to 
the south. The population of the county was found to be 406,220 in the 2010 Census 
(Reference 10).  Cameron County's climate is subtropical and subhumid, with hot 
summers and mild winters. Temperatures range from an average low of 50°F to 69°F in 
January and from an average high of 75°F to 94° F in July. Rainfall averages twenty-six 
inches per year. Snowfall is exceedingly rare. The growing season lasts 320 days, with 
the first freeze in mid-December and the last in late January (Reference 11).  
Cameron County covers approximately 905 square miles, with an elevation range from 
sea level to sixty feet. Along the eastern edge of the county the soils are sandy and saline, 
with some cracking clay. The remainder of the county has brownish to reddish soils, with 
loamy to clayey surface layers and clayey subsoils. Vegetation along the eastern edge of 
the county is typical of the Gulf Prairie and Marsh vegetation areas, with marsh grasses, 
bluestems, and grama grasses predominating. The vegetation of the rest of the county is 
like that of the South Texas Plains area, with small trees, brush, weeds, and grasses found 
in abundance. Mesquite, live oak, post oak, and shrubs also grow densely in some areas. 
Between 41 and 50 percent of the county is considered prime farmland (Reference 11). 

The economy of Cameron County is based primarily on agriculture, manufacturing, 
tourism, and shipping. Agriculture and the closely related livestock industry are the 
greatest money-producing operations in the county. Agricultural commodities include 
vegetables, grain sorghum, cotton, and citrus crops. 

Tourism is an important facet of the area's economy. A mild year-round climate and the 
international flavor of border town activities add to the region's popularity as a resort, 
convention, and retirement area. There are many historic towns, missions, and other 
points of interest in the Rio Grande Valley that serve as tourist attractions. 

Cameron County is served by three important shipping facilities. Port Harlingen, located 
on the Arroyo Colorado, furnishes shipping facilities for barge and small vessel traffic. 
Port Brownsville is the most significant transportation facility in the area. It is a major 
deepwater seaport with channel depth and terminal facilities that compare favorably with 
the best on the Gulf Coast. Annual tonnage is over 4.5 million, with world-wide service 
via 66 steamship and tanker lines. The port is the southern terminus of the U.S. inland 
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waterway system, with service by eight common carrier barge lines, plus private and 
specialized carriers. Port Isabel and Port Brownsville, combined, are said to be the 
shrimping capital of the world. There are approximately 500 shrimping trawlers based at 
these ports, and several seafood processing and freezing plants. 

Other industries contributing to the economy of the Cameron County region are the 
canning, frozen foods, and packing industries, cotton gins, cottonseed oil mills, 
agricultural fertilizer and chemical plants, and garment factories. The oil and gas 
industries also contribute to the income of the county, with distribution centers located at 
Rio Hondo on the Harlingen Ship Channel. In addition, industrial chemical companies 
have distribution centers at Rio Hondo and Port Brownsville. 

Precipitation and the flow of the Rio Grande supply a majority of the farmers and 
ranchers with adequate water of fair quality for domestic and livestock uses, except for 
periods of prolonged drought that lower the quality of the water. To supplement the 
supply, some farmers and ranchers excavate pits or "dug-out" ponds to catch precipitation 
or surface runoff, while others make use of drainage ditches that pass through their 
pasture or range lands. 

Municipal, industrial, recreational, and agricultural water supplies are primarily obtained 
from the flow of the Rio Grande. These supplies are adequate for present municipal and 
domestic uses, but during drought periods are not adequate to sustain other uses. 

Minor supplemental irrigation and domestic supplies are obtained from ground water. 
Several municipalities and some small industrial developments use this source. Ground 
water is generally of very low quality. 

Cameron County lies within the geographic region called the Lower Rio Grande Valley. 
Over hundreds of years, the Rio Grande has changed its course through this delta region, 
and this meandering has laid down alternating patterns of erosion and deposition, creating 
numerous channel remnants called "resacas." These resacas are important in the county 
for their role in water storage for irrigation and collection of local flood runoff. 

There are three principal waterways in the county; the Rio Grande, the North Floodway, 
and the Arroyo Colorado Floodway. The Rio Grande, the sixth largest river in North 
America, rises in southwestern Colorado and flows generally towards the southeast 
almost 1,900 miles to the Gulf of Mexico. Along its lower 1,250 miles below El Paso, the 
river forms the border between the United States and Mexico. At various locations, the 
boundary has been stabilized by construction of reservoirs, installation of bank 
protection, and other similar means. 

City of Brownville:  Brownsville, the southernmost City in Texas, contains 21 square 
miles within its corporate limits. The population in 2010 was 175,023 (Reference 10). 
Brownsville is county seat of Cameron County and is located across the Rio Grande from 
Matamoros, Tamaulipas, at the southernmost tip of Texas. 

The designated flooding areas throughout the city abound with commercial, industrial 
and residential developments. Some crop lands and pasture lands are subject to 
inundations in the northern areas of the city. In addition many city streets, state highways, 
and public utilities cross through the flooding areas. 

Municipal, industrial, recreational, and agricultural water supplies are chiefly obtained 
from the flows of the Rio Grande. These supplies are adequate for the present municipal 
and domestic uses, but during drought periods, are not adequate for the other uses. 
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City of Harlingen:  The City of Harlingen is situated approximately 225 miles south of 
San Antonio and 325 miles southwest of Houston. It is located at the junction of two 
railroad lines, the Southern Pacific and the Missouri Pacific, and the intersection of two 
major highways, U.S. Routes 77 and 83. The corporate area of the city is about 34 square 
miles. 

As a pioneer developer of the Lower Rio Grande Valley, Lon C. Hill, Sr. came to the area 
in 1900 and purchased 41,000 acres of land from owners of the King Ranch, where the 
City of Harlingen is now located. Mr. Hill was instrumental in making possible the 
construction of the St. Louis, Brownsville, and Mexico Railroad (now part of the 
Missouri Pacific System) into the Valley in 1904. The railroads' plans provided for the 
establishment of a townsite near the point where the railroad would cross the Arroyo 
Colorado. The City of Harlingen was incorporated there in 1910. 

The population of the City of Harlingen was only 1,783 in 1920, but it grew to 12,124 
during the ensuing 10 years. In 1960, the census was 41,207 and the City of Harlingen 
ranked as the second largest city in the Valley.  With the closing of Harlingen Air Force 
Base in 1963, a population decline occurred and the 1970 census showed 33,503 
inhabitants. The city has fully recovered from the loss and the January 1978 population of 
the City was 45,800 (Reference 12). In 2000, the community had 57,564 inhabitants and 
2,549 businesses (Reference 11).  The population in 2010 was 64,849 (Reference 10). 

Topography of the area ranges from flat to rolling. The steeper slopes occur in the rough 
and broken areas adjacent to the Arroyo Colorado.  Homes have been constructed on 
some of these areas on steeper slopes. Elevations range from about 45.7 feet NAVD88 in 
the center of the City of Harlingen to about zero feet NAVD88 in the bottom of the 
Arroyo Colorado. 

Town of Laguna Vista:  Laguna Vista is on State Highway 100 and Farm Road 510 
twenty miles east of San Benito and five miles northwest of Port Isabel overlooking 
Laguna Madre in eastern Cameron County. The community was settled in the early 1800s 
by Mexican salt traders who transported salt through the region to northern Mexico. 
Ranchers followed the traders, and eventually a community was formed. In July 1958 the 
citizens of the community voted forty-four to zero to incorporate. By 1983 the estimated 
population of Laguna Vista was 632 and 1,166 in 1992. The population in 2010 was 
3,117 (Reference 10). 

City of Port Isabel:  The Port Isabel area was settled by Mexican ranchers by 1770. In the 
1840's Port Isabel became a port-of-entry for westbound California goldseekers. For a 
short time after the port was deepened in the 1930's, it was oil and cotton shipping center, 
but much of its shipping was diverted after completion of the deepwater port at 
Brownsville. While shipping is still an active enterprise, Port Isabel now serves mainly as 
a resort and fishing city.  

In 1980, Port Isabel had an estimated population of 3,603 and 155 businesses. During the 
1980s the town continued to attract tourists. Recreational opportunities included fishing, 
boating, and hunting. In 1989 the port handled 263,335 short tons of cargo. In 1990 Port 
Isabel had a population of 4,467 and a school, although the number of businesses had 
declined. The town continued to support itself from the shrimping and fishing industry as 
well as the tourist industry. The population in 2010 was 5,006 (Reference 10). 

The City of Port Isabel is a tidewater community on a headland projecting into Laguna 
Madre and connected to the mainland only by State Highway 100. This island-like 
structure is an extension of low coastal plains forming the mainland to the west. The city 
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is protected from the open sea by elongated natural barrier islands-South Padre and 
Brazos Islands. It is linked to the sea through Brazos Santiago Pass, an inlet to the Gulf of 
Mexico. 

Port Isabel is on the point where Texas Highway 100 meets the Laguna Madre in 
southeastern Cameron County, sixteen miles northeast of Brownsville. The City of Port 
Isabel is bordered on the north and east by the open water of Laguna Madre, a shallow 
bay of the Gulf of Mexico. To the south is Port Isabel Channel and to the west are tidal 
sand and mudflats with shallow, meandering saltwater channels. The Brownsville Ship 
Channel and the Intracoastal Waterway meet at Port Isabel. Natural land elevations 
within the corporate limits range from 0 feet mean sea level (msl) to about 20 feet msl. 
Most of the land lies between elevations 5 and 15 msl. The city has commercial 
establishments along the main thoroughfares and residential developments along the 
secondary streets.  

City of Rio Hondo:  The City of Rio Hondo is situated approximately 225 miles south of 
San Antonio and 315 miles southwest of Houston, in Cameron County. It is on the banks 
of the Arroyo Colorado, about 8 miles northeast of Harlingen. The corporate area of the 
town is about 1.5 square miles. 

The City is about fifty years old and is a key point on the barge canal going from the 
Intracoastal Waterway to the Port of Harlingen. Several oil companies and other 
industrial firms maintain warehouses in Rio Hondo. However, agriculture is the mainstay 
of the area's economy. 

The population of Rio Hondo was approximately 1,200 in 1980 (Reference 13). The 
population in 2010 was 2,356 (Reference 10).  Most residential areas are located in the 
center of the city, along the Arroyo Colorado or in the eastern section (Reference 13). 
Other land uses along the stream include cropland, rangeland, and beaches or mud flats. 

Topography of the area ranges from flat to rolling. The steeper slopes occur in the rough 
and broken areas adjacent to the Arroyo Colorado. Elevations range from about 29.7 feet 
NAVD88 in the center of Rio Hondo to about 13.7 feet NAVD88 in the bottom of the 
Arroyo Colorado. 

City of San Benito:  The City of San Benito is located in the Lower Rio Grande Valley, 
in Cameron County, on the southern Texas Gulf Coast. The corporate limits occupy 
approximately 11.2 square miles and borders Harlingen on the southwest. 

Residential development is scattered throughout the corporate limits. According to the 
U.S. Census Bureau, the population of San Benito decreased from 16,422 in 1960 to 
15,176 in 1970 (Reference 14). The population in 2010 was 24,250 (Reference 10). 

The City of San Benito has no rivers or major drainage channels in or immediately 
around the corporate limits, which provide for stormwater drainage.  The Resaca Los 
Fresnos which meanders through the city is actually controlled as a reservoir. Water, 
pumped from the banks of the Rio Grande, is stored within the levees of the Resaca at an 
elevation greater than the surrounding land. The water is released as necessary and flows 
by gravity for irrigation farming. 

The original study of Resaca Los Fresnos assumed that the water level within the Resaca 
is maintained below levee flood stages and that no structural failure of the levees occurs.  
However, these levees do not have certification to provide flood protection as required by 
FEMA. 
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Within Cameron County, the North Floodway and the Arroyo Colorado are part of the 
interior U.S. Floodway System, which is operated by the International Boundary and 
Water Commission. This floodway system is comprised of reservoirs, dams, levees, flow-
ways, and flow diversion structures. The purpose of the system is to divert the 
tremendous flood discharges of the Rio Grande into a series of floodways in the U.S. and 
Mexico and to safely transport the floodwaters to Laguna Madre and the Gulf of Mexico. 

Flood-producing storms can occur in the county at any time of the year. These usually are 
caused by local storms of high intensity. Wide-spread flooding is associated with storm 
covering a large area and with heavy rainstorms that accompany hurricane. Major floods 
occurred in 1955, 1957, and 1958, and 1961 (Hurricane Carla), 1967 (Hurricane Beulah), 
1980 (Hurricane Allen), 1982, 1984, 1987, 1988 (Hurricane Gilbert), 1999 (Hurricane 
Bret), 2005 (Hurricane Emily), 2007, 2008 (Hurricane Dolly), 2010 (Hurricane Alex and 
Tropical Storm Hermine). 

Cameron County is susceptible to tropical cyclones. Tropical cyclones are accompanied 
by high winds, high tides, large waves, and usually heavy rainfall. Cyclonic winds result 
from the low central pressure of the tropical storm which drains the air toward the center 
in a spiral pattern. When the wind speeds reach 75 mph, the tropical cyclone is 
designated a hurricane. When these winds blow over the shallow offshore shelf, water is 
driven shoreward where it "piles up." This piling up of water is referred to as storm surge. 
The total hurricane storm surge consists of a rise in the water level caused by the wind 
stress and an increase in elevation from the reduction in atmospheric pressure in the 
storm center, all superimposed on the local astronomical tide. Wind-driven waves, which 
accompany the surge, can add significantly to its effect, but are not included in storm 
surge computations. 

The high winds, while exceedingly damaging in themselves, are not as destructive in low 
coastal areas as are waves and currents produced by the wind, inundation resulting from 
high surges, and the battering effects of debris carried by storm induced currents. The 
surges caused by tropical cyclones vary considerably, depending on the size and intensity 
of the storm and the relative location of the center of the cyclone. 

Storms in 1857 and 1867 hit the Texas coast in the Cameron County area. During July 
and August 1913, three hurricanes crossed the southern Texas coastal area. The first, in 
early July, caused a 5-foot storm surge along the Cameron County shoreline; the second, 
in early August, caused a 4.5-foot storm surge; and the last, in late August, crossed the 
coast at Port Isabel, causing an 11-foot surge and 12 million dollars in damages 
(Reference 18). 

In 1967, the Lower Rio Grande Valley was hit with a storm that presented a severe test to 
the structural integrity of the U. S. Floodway System. Hurricane Beulah produced winds 
and rainfall that were unprecedented for the region. At the head of the valley (150 miles 
west of Brownsville), a river discharge of 220,000 cubic feet per second (cfs) was 
recorded. Of this, 126,000 cfs were diverted into the U.S. Floodway System. Due to a 
structural failure on the Main Floodway, near Mercedes, the 126,000 cfs were divided 
equally between the North Floodway and the Arroyo Colorado. This amount was in 
excess of the design capacity for the Arroyo Colorado, and resulted in the flooding of 
1,600 residences and other structures at Harlingen. Eight thousand people were evacuated 
from Harlingen and 20,000 acres of highly productive agricultural land were inundated. 
Flood flows in the North Floodway and the Rio Grande did not exceed top-of-levee 
stages (Reference 18). 
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Torrential rains from Hurricane Beulah (as much as 30 inches in less than one week), 
caused runoff that inundated 630,000 acres of coastal lowlands as it reached elevations of 
approximately 7.5 feet. The winds from Hurricane Beulah reached speeds of greater than 
120 miles per hour and 115 tornadoes were spawned by the hurricane. Due to lack of 
natural drainage-ways and the saturation of the ground, standing water was in evidence 
for several weeks. It caused damage to roads, interfered with traffic, and created a health 
hazard. A total of 29 counties in southern Texas were declared disaster areas as a result of 
Hurricane Beulah (Reference 18). 

A significant source of major flooding in the county is caused by tidal surge and wave 
attack. Tidal surge is a flooding condition resulting from a rise in coastal waters. The rise 
itself is usually not accompanied by a velocity hazard. Wave attack is a condition that 
does not include velocity hazards. It is created by wind and air pressure acting on surge 
depths. Tidal surge and wave attack during Hurricane Beulah destroyed property at all 
developed coastal and inland coastal areas. South Padre Island, Laguna Vista, Port Isabel, 
and the Brownsville and Harlingen turnarounds all suffered severe damage to harbor 
facilities, boats (both pleasure and commercial craft), resort facilities, and residential 
structures (Reference 18). 

Hurricane Beulah was considered to be approximately a 1-percent-annual-chance storm. 
Flooding damage to Cameron County can occur from storms far less severe than 
Hurricane Beulah, which could create much shallow flooding and ponding damage to 
agricultural areas. 

Damages to the county attributable to the 1967 storm have been estimated as follows: by 
tidal overflow - 0.8 million dollars; by wind and wind-driven rain - 19 million dollars; 
and by flooding from floodways and inadequate drainage - 16 million dollars, for a total 
of almost 36 million dollars (Reference 18). Total damages from Hurricane Beulah over 
the four-county area of the Lower Rio Grande Valley were estimated at 82 million 
dollars. 

Hurricane Allen began as a low-pressure system over West Africa and became the 
season's first hurricane on Sunday, August 3, 1980. Before making landfall near 
Brownsville one week later, the storm had churned its way from the Caribbean Sea to the 
coast of Texas as a Category 5 hurricane, the most severe classification. The storm 
suddenly weakened just hours before it moved inland. However, it was still strong 
enough to cause almost 300 million dollars in damage and to alter the landscape for 
years. Hundreds of families in coastal communities and inland towns lost their homes to 
the wind and surge, or suffered severe flood damage from the torrential rains 
accompanying the storm. Nine counties in southern Texas were declared major disaster 
areas (Reference 19). 

From September 16 to 19, 1984 heavy rains, some exceeding 20 inches, fell on the lower 
Rio Grande Valley. Cameron County experienced the worst flooding since Hurricane 
Beulah in 1967. It was estimated that more than 50 percent of the eastern one-half of 
Cameron County was underwater (Reference 17).  

Hurricane Bret made landfall in Kenedy County, approximately 30 miles north of 
Cameron County, as a category 4 storm on August 23, 1999. A storm surge of up to 8.8 
feet was reported along the south Texas coast. The heavy rains accompanying the storm 
caused notable river flooding in the Rio Grande Valley. South Padre Island reported 3.88 
inches of rainfall during the storm. Total damage from the storm was estimated at $60 
million (Reference 20). 
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Table 4, "Historical High-Water Mark Elevations," at the end of this section, shows 
elevations of significant historic floods at selected locations, in feet NAVD88 
(References 18, 19, and 21). 

Table 4: Historical High -Water Mark Elevations 

Event 
City of 

Port Isabel 
City of South 
Padre Island 

Town of 
Laguna 
Vista 

Port 
Brownsville 

Mouth of 
Arroyo 

Colorado 
Boca 
China 

Storm September 14, 
1919 7.7 - 7.7 - - - 

Storm July 1933 4.7 - 4.7 - - - 
Storm August 4, 1933 4.2 - 4.2 - - - 
Storm September 4, 
1933 10.7 - 10.7 - - - 

Storm August 25, 1945 2.7 - 2.7 - - - 
Hurricane Carla     
September 12, 1961 4.1 4.9 4.1 3.5, 4.0, 3.1 - - 

Hurricane Beulah     
September 20, 1067 6.0 7.1, 4.2 6.0 7.7 5.0 7.2 

Hurricane Celia     
August 3, 1970 2.7 - 2.7 - - - 

Hurricane Allen     
August 9, 1980 7.3 5.6 8.1 - - 5.6 

Hurricane Gilbert     
September 16, 1988 3.4 - - - - - 

 

City of Brownsville:  The City of Brownsville study area is flat, varying in elevation from 
20 feet msl on the east to about 35 feet msl on the west. Natural drainage patterns have 
been significantly altered by construction of elevated irrigation canals, elevated ditches, 
levees, roads, and railroads throughout the City. 

In 1967 Hurricane Beulah struck the lower Rio Grande Valley and produced winds and 
rainfall quantities unprecedented for the region. Extensive local flooding was experienced 
from sheet flows and ponding conditions in Brownsville. Water buildups occurred behind 
elevated canals, ditches, roads and other obstructions to natural drainageways. Flooding 
in the Rio Grande did not exceed top of levee stages.  Total damages inflicted to the City 
of Brownsville from Hurricane Beulah (including wind damage) have been estimated at 
$835,000. 

The 2006 Brownsville Flood Protection Plan identifies the main source of flooding in 
Brownsville as the inadequacy of the two main man-made ditches (Cameron County 
Drainage District No. 1 Ditch No. 1 and North Main Drain) to drain excess runoff during 
storm events. Other flood-prone areas located away from the main channels are a result 
of an inadequate secondary drainage system, but are identified as a lower priority 
(Reference 17). 

City of Harlingen:  The City of Harlingen is very fortunate in that flooding is not a wide 
spread problem. The main storm season for the area extends from June to October 
(hurricane season). During these times, intense rainfall may occur for short periods of 
time, with an associated quick rise in the water depth of a stream. This situation may 
cause some road flooding, but major flood damages have not typically been suffered. 



 

15 
 

The lack of severe flooding conditions in the City of Harlingen is attributable to the 
upstream control of flow in the Arroyo Colorado. The Arroyo Colorado flow is a 
regulated amount of the flow of the Rio Grande. There are some minor ponding upstream 
of structures across the three tributaries to the Arroyo Colorado. 

Road flooding is caused primarily by inadequate drainage. At some locations, flooding 
levels are increased due to limited carrying capacity of stream culverts. During storm 
events, trees, trash, and other debris may be washed away and carried downstream, 
collecting on bridges and obstructing stream flow. 

The accumulation of debris greatly reduces the capacity of bridges and culverts 
increasing flooding into unpredictable areas, increasing velocity of flow immediately 
downstream, and eroding culvert entrances and bridge approach embankments. During 
hurricane Beulah, however, the North Floodway diversion structure failed and flooding 
above the 1-percent-annual-chance flood level occurred. The water level at the Missouri 
Pacific Railroad reached about 40 feet. The computed 1-percent-annual-chance flood 
level is about 23 feet. There have been no reports of shallow flooding in the City of 
Harlingen. Since the occurrence and amount of debris are indeterminate factors, only the 
physical characteristics of the stream and its structures were considered in the previous 
studies for Harlingen. 

City of Port Isabel:  A large part of Port Isabel is subject to inundation by abnormally 
high tides. State Highway 100, the only road leading inland from Port Isabel, is also 
subject to inundation by storm tides which can isolate the city from the remainder of the 
mainland. 

Port Isabel is subject to flooding from storm tides affecting the Laguna Madre, an 
extension of the Gulf of Mexico. The most severe floods result from tropical cyclones 
which are most likely to occur during the months of June through September. However, 
Port Isabel is subject to some flooding from abnormally high storm tides during any 
season. 

City of Rio Hondo:  Rio Hondo is very fortunate in that flooding is not a wide-spread 
problem. The main storm season for the area extends from June to October (hurricane 
season). During these times, intense rainfall may occur for short periods of time, with an 
associated quick rise in the water depth of a stream. This situation may cause some road 
flooding, but major flood damages have not typically been suffered. 

The lack of severe flooding conditions in Rio Hondo is attributable to the upstream 
control of flow in the Arroyo Colorado. Road flooding is caused primarily by inadequate 
drainage. During storm events, trees, trash, and other debris may be washed away and 
carried downstream, collecting on bridges and obstructing stream flow. The accumulation 
of debris greatly reduces the capacity of bridges and culverts, increasing flooding into 
unpredictable areas, increasing velocity of flow immediately downstream, and eroding 
culvert entrances and bridge approach embankments. Since the occurrence and amount of 
debris are indeterminate factors, only the physical characteristics of the stream and its 
structures were considered in the previous study for Rio Hondo. 

City of San Benito:  Following Hurricane Beulah, several isolated areas within the city 
were subjected to shallow flooding. The instances of shallow flooding were caused by the 
combination of heavy rains and insufficient drainage resulting in several areas of 
ponding. 

Some of the sites in the central portion of the city that did exhibit shallow flooding were 
between two and six square blocks. These areas are not low elevations receiving 
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all of Cameron County. There were two purposes of this design study. The first was to 
help finance the improvements. The second was to furnish the Soil Conservation Service 
with the necessary engineering information required for the development of three 
watershed work plans, to include all of Cameron County. This new system was designed 
to provide adequate drainage for a 5-year, 24-hour storm. The system is able to only 
minimally handle storms of greater severity.  

Local drainage canals collect rainfall runoff from adjacent areas and discharge into the 
Floodway System. Canals that drain into the Main and North Floodways through the 
levees have gated structures. These must be closed infrequently when large floodwater 
diversions are being made from the Rio Grande. This is beneficial in preventing 
inundation from Rio Grande floodwaters, but can create sizable local runoff buildups 
behind the levees. 

Finally, land use on the inland side of the levees is such that floodwaters will be 
relatively unrestricted; the land is used primarily for recreation and agriculture. In urban 
areas, such as at Brownsville, development has occurred in past decades on the land side 
of the levees, with the levees providing protection. Agricultural usage between the river 
and the levees does not include homes or other buildings other than irrigation district 
pumping plants that are flood-proofed. 

Due to the structural modifications in the U.S. Floodway System, future flood patterns 
will be significantly different from those experienced in the past. Based upon experience 
from the 1967 storm and subsequent system improvements, this report assumes that no 
structural failures will occur in the floodway system during future major floods. On the 
basis of this assumption, and given that local runoff cannot enter the floodways, flow 
entering the county by the Floodway System will not contribute to flooding in the study 
area. 

City of Brownsville:  A Flood Protection Plan was developed for the City of Brownsville 
in 2006 (Reference 17). The purpose of this plan was to develop a flood protection plan 
for the main drainage systems within the City of Brownsville. The proposed plan 
included both structural and non-structural options. It is designed to reduce the extent and 
depth of the floodplain within the planning area in a cost-effective manner in addition to 
preventing a worsening of flooding conditions as development in the area ensues. Among 
the recommendations of this plan was the creation of a regional drainage control agency 
with taxing authority to focus responsibility, accountability and authority at a single 
point. Another recommendation included the development of technically based drainage 
ordinances to control the unregulated impact of future developments in a cost-effective 
and consistent manner across the entire watershed system. The recommended structural 
options mainly included the construction of detention ponds, especially multi-use 
detention ponds. In some areas where detention ponds alone were not adequate to cost-
effectively limit flooding, channel modifications including widening and concrete lining 
of drainage ditches were recommended. 

City of Harlingen:  The City of Harlingen has no major structures which are intended 
solely for flood control. Flow in the Arroyo Colorado is controlled by the North 
Floodway diversion structure. 

City of Port Isabel:  There are no flood protection works existing, planned, or under 
construction for the City of Port Isabel. However, ordinances passed by the City Council 
of Port Isabel require that a protective device, barrier, shoreway or seawall be installed, 
erected or constructed at waterside by landowners to protect and prevent the washing 
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away of lots in Port Isabel. These improvements provide some safety from frequent 
smaller storms, but do not provide protection from major storms. 

City of Rio Hondo:  Rio Hondo has no major structures which are intended solely for 
flood control. The City Council of Rio Hondo has adopted a Flood Hazard Prevention 
Ordinance, Number 128. 

City of San Benito:  The City of San Benito has no major structural facilities which are 
intended primarily for flood control. Storm sewers and drainage ditches transport 
stormwater out of the corporate limits to the north and east. The local drainage 
capabilities were sufficient to handle almost all of the stormwater associated with 
Hurricane Beulah, except as previously noted. Since that time, considerable 
improvements have been made to the underground drainage system. The drainage 
improvements have increased the capacity and rate at which stormwater is drained from 
the city. The improvements also provided increased drainage capacity in areas under new 
development. 

The City of San Benito has specific ordinances regarding development in flood prone 
areas. Industrial/commercial development must be constructed above the base flood 
elevation. Residential development is not allowed within the 1-percent-annual-chance 
floodplain. 

City of Santa Rosa:  The City of Santa Rosa has no major structural facilities which are 
intended primarily for flood control. Drainage ditches transport stormwater out of the 
corporate limits to the North Floodway located approximately 4 miles north of the city. 
The local storm drainage system is not capable of handling the significant volumes of 
water associated with a major storm and therefore, provide only partial drainage, due to 
insufficient depth and capacities. Additionally, when major storms coincide with flooding 
of the Rio Grande, the North Floodway is used for diversion of Rio Grande floodwaters 
and therefore eliminates the only major drainage system available to Santa Rosa. 

The City of Santa Rosa does not directly monitor or control land development within the 
corporate limits. 

City of South Padre Island:  Many individual bulkheads exist along the gulf side of South 
Padre Island but do not form a continuous barrier. Several non-structural measures also 
exist. The community has an evacuation plan for use in the event of an approaching 
hurricane. This plan and other precautionary measures are widely publicized. In addition, 
floodplain zoning regulations specify that the first floor of structures must be elevated 
above the 1-percent-annual-chance flood level. 

3.0 ENGINEERING METHODS  

For the flooding sources studied by detailed methods in the community, standard 
hydrologic and hydraulic study methods were used to determine the flood hazard data 
required for this study.  Flood events of a magnitude that are expected to be equaled or 
exceeded once on the average during any 10-, 50-, 100-, or 500-year period (recurrence 
interval) have been selected as having special significance for floodplain management 
and for flood insurance rates.  These events, commonly termed the 10-, 50-, 100-, and 
500-year floods, have a 10-, 2-, 1-, and 0.2-percent-annual-chance, respectively, of being 
equaled or exceeded during any year. Although the recurrence interval represents the 
long-term, average period between floods of a specific magnitude, rare floods could 
occur at short intervals or even within the same year. The risk of experiencing a rare 
flood increases when periods greater than 1 year are considered.  For example, the risk of 
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used for determination of flood flows at ungaged stream locations. Stream flow values for 
the Arroyo Colorado were obtained from the International Boundary and Water 
Commission (United States Section) (Reference 25).  

For shallow flooding in the Cities of San Benito and Santa Rosa, detailed analyses were 
carried out to establish and delineate the extent of shallow flooding for floods of the 
selected recurrence interval.  
Peak discharge-drainage area relationships for the 10-, 2-, 1-, and 0.2-percent-annual-
chance floods for each stream studied by detailed methods are presented in Table 5.  

Initial Countywide FIS February 16, 2018 

For this study, alternative regional regression equations were used to estimate peak 
discharges for the hydrologic analyses (Reference 26). These equations were derived 
based on minimization of the PRESS (Prediction Error Sum of Squares) statistics and 
power transformation of the drainage area. 

Peak discharge-drainage area relationships for the 10-, 2-, 1-, and 0.2-percent-annual-
chance floods for each stream studied by detailed methods are presented in Table 5: 
Summary of Discharges 

Table 5: Summary of Discharges 

  PEAK DISCHARGES (cfs) 

FLOODING SOURCE AND 
LOCATION  

DRAINAGE 
AREA  

(sq. miles) 

10%- 
ANNUAL - 
CHANCE 

2%-  
ANNUAL - 
CHANCE 

1%-  
ANNUAL - 
CHANCE 

0.2%- 
ANNUAL - 
CHANCE 

      
ARROYO COLORADO (1) 2,000 6,000 13,000 21,000((2) 
      
CAMERON COUNTY DRAINAGE  

DITCH #1      

At a point approximately 2.75 miles 
downstream from State Highway 
48 

23.58 2,360 3,506 4,236 5,525 

At Old Port Isabel Road 12.68 1,445 2,095 2,497 3,222 
At a point approximately 0.04 miles 

downstream  of U.S. Highway 
77/83 (3) 

5.62 1,445 2,095 2,497 3,222 

      
MAIN DITCH NO. 2      
At a point approximately 1.72 miles 

downstream  of Old Port Isabel 
Road 

65.24 * * 4,530 * 

At a point approximately 0.25 miles 
upstream of FM 1847 (3) 31.86 * * 2,884 * 

      
(1)  Flow in the Arroyo Colorado is a regulated amount that is diverted from the Rio Grande; therefore, drainage area is not applicable. 
(2)  21,000 cfs is the design storm value (143 years return period) used by the International Boundary and Water Commission (Reference 25). 
(3) This stream or point lies within an area that has not been updated on the FIRM at this time due to the presence of levees that have not yet been 

demonstrated to meet the requirements of NFIP Regulation Section 65.10.  Please refer to the Notice to Flood Insurance Study Users page at the front 
of the FIS for more information. 

 *    Data not available. 
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Table 5: Summary of Discharges (continued) 

  PEAK DISCHARGES (cfs) 

FLOODING SOURCE AND 
LOCATION  

DRAINAGE 
AREA  

(sq. miles) 

10%- 
ANNUAL - 
CHANCE 

2%-  
ANNUAL - 
CHANCE 

1%-  
ANNUAL - 
CHANCE 

0.2%- 
ANNUAL - 
CHANCE 

 
RESACA RANCHO VIEJO (1)      
At a point approximately 6.8 miles 

downstream of FM 1732 51.61 * * 2,078 * 

At a point approximately 4.11miles 
downstream of FM 1732 38.55 * * 1,263 * 

At a point approximately 1.1 miles 
upstream of FM 1421 29.21 * * 1,489 * 

      
SAN BENITO CANAL #2 (1)      
At a point approximately 0.11 miles 

downstream of FM 732 3.98 * * 426 * 

      
TRIBUTARY 1 TO ARROYO   
  COLORADO 

1.00 340 450 510 650 

      
TRIBUTARY 2 TO ARROYO  
  COLORADO 

1.85 395 525 595 760 

      
TRIBUTARY 3 TO ARROYO  
  COLORADO 1.45 330 440 500 640 

      
(1) This stream or point lies within an area that has not been updated on the FIRM at this time due to the presence of levees that have not yet been  
    demonstrated to meet the requirements of NFIP Regulation Section 65.10.  Please refer to the Notice to Flood Insurance Study Users page at the front of     
    the FIS for more information. 
 *   Data not available. 
      

 
3.2 Hydraulic Analyses 

Analyses of the hydraulic characteristics of flooding from the sources studied were 
carried out to provide estimates of the elevations of floods of the selected recurrence 
intervals. Users should be aware that flood elevations shown on the FIRM represent 
rounded whole-foot elevations and may not exactly reflect the elevations shown on the 
Flood Profiles or in the Floodway Data tables in the FIS report. Flood elevations shown 
on the FIRM are primarily intended for flood insurance rating purposes. For construction 
and/or floodplain management purposes, users are cautioned to use the flood elevation 
data presented in this FIS report in conjunction with the data shown on the FIRM. 

Cross sections were determined from topographic maps and field surveys. All bridges, 
dams, and culverts were field surveyed to obtain elevation data and structural geometry. 
All topographic mapping used to determine cross sections are referenced in Section 4.1. 

The hydraulic analyses for all studies were based on unobstructed flow. The flood 
elevations shown on the Flood Profiles (Exhibit 1) are thus considered valid only if 
hydraulic structures remain unobstructed, operate properly, and do not fail. 
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